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THE ACTION OF POTASSIUM, SODIUM AND CALCIUM 
SALTS ON TUBIFEX RIVULORUM. By SYDNEY 
RINGER, MD., F.RS,, anv HARRINGTON SAINSBURY, 
MD. FRCP. | 


(From the Physiological Laboratory of University College, London.) 


PREVIOUS experiments, for the most part recorded in the volumes of 
this Journal, have established the important part played by lime in the 
functions of living tissues. As an instance, we may mention the 
presence of lime as a factor essential to the contraction of cardiac 
muscle, The experiments demonstrating this shewed also the an- 
tagonism which existed between the influence of lime and of potassium 
salts. This was tested both physiologically’ and toxically*. In.a long 
series of experiments lime salts were shewn to be necessary to the act 
of clotting of blood and to the curdling (clotting) of milk, and again an 
active antagonism was found to obtain between the salts of lime and of 
potassium. True the clotting of. blood can scarcely be classed as a vital 
process, still less the clotting of milk, yet it is difficult to dissociate 
vital from non-vital processes and a characteristic potency or function of 
a tissue may probably depend as much on a katabolic (disintegrating) as 
upon an anabolic (integrating) movement, we may therefore allow these 
experiments to stand here. 

The influence of lime in purely non-vital processes, a physico- 
chemical action therefore, has also been tested in one direction, its 
power, viz., to affect the swelling of dried Laminaria when placed in 
watery solutions, Lime was found to control markedly the powers of 
imbibition, the Laminaria swelling out to a much greater degree when 
placed in distilled water than when a small percentage of a lime salt 
had been added. These experiments may have some bearing upon 
those about to be described. 


1 This Journal, Vol. rv. p. 29, 1883. 
2 This Jowrnal, Vol. rv. p. 247, 1883. 
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THE ACTION OF POTASSIUM, SODIUM AND CALCIUM 
SALTS ON TUBIFEX RIVULORUM. By SYDNEY 
RINGER, M_D., F.R.S., HARRINGTON SAINSBURY, 
M.D., F.R.C.P. 


(From the Physiological Laboratory of University College, London.) 


PREVIOUS experiments, for the most part recorded in the volumes of 
this Journal, have established the important part played by lime in the 
functiofs of living tissues. As an instance, we may mention the 
presence of lime as a factor essential to the contraction of cardiac 
muscle. The experiments demonstrating this shewed also the an- 
tagonism which existed between the influence of lime and of potassium 
salts. This was tested both physiologically’ and toxically*. In a long 
series of experiments lime salts were shewn to be necessary to the act 
of clotting of blood and to the curdling (clotting) of milk, and again an 
active antagonism was found to obtain between the salts of lime and of 
potassium. ‘True the clotting of blood can scarcely be classed as a vital 
process, still less the clotting of milk, yet it is difficult to dissociate 
vital from non-vital processes and a characteristic potency or function of 
a tissue may probably depend as much on a katabolic (disintegrating) as 
upon an anabolic (integrating) movement, we may therefore allow these 
experiments to stand here. 

The influence of lime in purely non-vital processes, a physico- 
chemical action therefore, has also been tested in one direction, its 
power, viz., to affect the swelling of dried Laminaria when placed in 
watery solutions. Lime was found to control markedly the powers of 
imbibition, the Laminaria swelling out to a much greater degree when 
placed in distilled water than when a small percentage of a lime salt 
had been added. These experiments may have some bearing upon 
those about to be described. 


1 This Journal, Vol. rv. p. 29, 1888. 
2 This Journal, Vol. rv. p. 247, 1883. 
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pee S. RINGER AND H. SAINSBURY. 


The present set of experiments were undertaken in order to test the 
influence of salts of lime and potash and incidentally of soda also 
upon whole living organisms. The presence or absence of motor power 
was the chief test applied, but the organisms were also watched as to 
the presence of disintegration and its degree. The Tubifex Rivulorum 
(Lamarck) was chosen as suitable for the purpose. It is an actively 
moving minute worm tending, with its fellows, to form dense clusters 
or balls of filaments, each thread being in continuous wriggling move- 
ment. The structure, so far as it concerns us may be very briefly 
. given':—The integument, ringed and beset at intervals with minute 
bristles or hairs, consists of a cuticle, homogeneous in structure, and 
intimately united with an underlying corium. Internally this is 
bounded by a subcutaneous layer of muscular fibres in two layers, 
circular and longitudinal, of which the latter is the more developed. 
The contractions of the subdermal fibres cause the movements of the 
body. ‘Traversing the body from end to end is the digestive tube and 
in close connection is the vascular system consisting of two longitudinal 
main trunks, dorsal and ventral, united by lateral branchings, a pair for 
each ring. Two so-called hearts are found near the head end on either 
side of the dorsal vessel and uniting it with the ventral vessel, In life 
the contractions of these and of the dorsal vessel are plainly visible 
under a low power through the transparent body wall. A perivisceral 
space intervenes between the body wall and the above tubes and 
| transverse partitions one for each ring divide this space into compart- 
ii ments. Other structures, reproductive, secretory, we may omit. The 
@ digestive tube shews a very delicate mucous lining the surface of 
which is covered by a ciliated epithelium. There is also a delicate 
muscular coat surrounding the mucosa to which the peristaltic move- 
ments of the tube are due. 
In tap water, renewed from time to time, the Tubifex will live for 
an indefinite period, exhibiting all the signs of an active vitality. 
' | The following is the method of experimentation adopted: a series of 
4a beakers, each containing the same volume of fluid, received each a 
| number of the worms, these were then watched and a record kept of their 
condition, in particular as to movement and disintegration. By varying 
the proportions of the salines added to the beakers it was possible to 
obtain an indefinite variety of separate series. In this way the effects 
of the salts, potassium and sodium chloride, calcium nitrate and phos- 


1 Histoire naturelle du Tubifex des ruisseaux, par Jules a’ Udekem. Bruxelles, 1853 ; 
Structure of Tubifexc. MeIntosh, 1871. 
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phate, sodium oxalate were tested. Distilled water and tap water were 
the fluids used, and to which these salts were udded—the tap water is 
that supplied by the New River Company. 

We may now proceed to the actual experiments and first as to the 
effects of these two waters. In tap water, as has been already men- 
tioned, the Tubifex will live for an indefinite period in full activity, 
this will be seen again and again in the experiments to be recorded and 
to which the tap water beaker served as the control. It will be noted 
however that the creatures, even in this medium, may not es¢ape some 
degree of disintegration. This when present affects only a small 
percentage of the organisms and does not appear till late in the 
experiment, i.e. after some days, and it probably selects those only 
which have suffered mechanically in the act of transference, or in the 
act of separating the clustered colony. The separation was effected by 
allowing the tap to play upon them with moderate force, the trans- 
ference to the test-medium by means of a pipette. 

Distilled water acts very differently. In this medium the organisms 
continue for a time their active movements but gradually disintegration 
appears and ultimately they are all converted into a granular débris. 
The movements may continue for some hours becoming gradually more 
sluggish and the disintegration slowly advancing—within 24 hours the 
latter process is generally complete. The action of distilled water will 
be illustrated again and again in the experiments which follow. 

If now we modify distilled water by the addition of salines- we 
- modify greatly the action of the medium. We will first consider 
potassium chloride. 


On Sep. 29th, 1893 the following experiment was made :—five beakers 
were taken and received the following quantities of fluid : 


I. 200c.c. of distilled water 
Il. Re > + 0°5c¢.c. of a 10°/, sol. of potassium chloride 
1V. ” ” +15e.c. ” ” 
7; +2 


Into by means of a pipette several of Tubifex. organisms were 
introduced. 

The experiment began at 2.15 p.m. 

In 19 hours though disintegration was well marked in I., some of the 
organisms were active and even after 43 hrs. there were still some which were 
active though most were disintegrated. The action of distilled water was 
very exceptionally slow here. 
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4 _ § RINGER AND H. SAINSBURY. 


In the beakers III., IV., V., the organisms were motio within 19 hrs. 
(one Tubifex only was moving in beaker IV.). 
In beaker II. after 43 hrs. all were motionless acenps one. A few only 
were disintegrated in this beaker. | 
When rendered motionless recovery experiments were made but these we 
omit for the present. 


On October 3rd the following series was : arranged : 
I. 200c.c. of distilled water + 2¢.c. of a 10°/, solution of KCl 


II. ” ” + 2-5 c.c. ” ” ” 
ITI. ” +3c.c. ” ” ” 
IV. ” ” +35ec. 5 ” ” 

V. ” +4 c.¢. ” 


The experiment was started at 9 a.m. 

At 2 p.m., i.e. after 5 hours, a few organisms were moving - slightly in 
beakers I., II., III. There was no movement in IV. and V. 

At 5 p.m., ie. after 8 hours, there was no movement in I., II., ITT. 

All the motionless organisms were subsequently recovered. . 

On September 22nd a series was arranged to test the action of KCl and 
NaCl, separately, in modifying the action of distilled water. 


I. 200c.c. distilled water 


+ lec. KCl solution, 10°/, 
TV. ” ” +leec. NaCl ,, 10°/, 
V. ” +260. 5 ” 
+1c.e. KOI sol., 10°), + Lee, NaCl sol. 10°/,. 


I, After 24 hours most of the organisms were disintegrated, but there 
was still one moving after 48 hrs. : : 

II. In 4hrs. movements only just perceptible, in 8 hrs. motionless. No 
disintegration after 48 hrs. 

III. In 4hrs. slight movement only; in 8 hrs. one moving slightly ; next 
morning, i.e. after 24 hrs., all motionless. No disintegration after 48 hrs. 

IV. After 8 hrs. still active ; after 24 hrs. motionless, some disintegra- 

tion ; after 48 hrs. all disintegrated or disintegrating. 

V. After 8 hrs. active; after 24 hrs. very sluggish, but not disintegrated, 
after 28 hrs. same state ; after 48 hrs. motionless but not disintegrated. 

VI. After 4 hrs. sluggish; after 8 hrs. motionless; after 24 hrs. very 
slight movement was detected—no disintegration; after 48 hrs. no dis- 


integration. 


These experiments shew first the disintegrating power of distilled 
water and next the paralyzing power of potassium chloride with 


val > 
a 
4 
* 

4 

3 
j 
4 
a 
4 
a 
ng 
| 
i 


ACTION OF SALTS ON TUBIFEX. 5 


suspension or retardation of disintegration, Sodium chloride in the 
smaller dose of ‘05 p.c. retards but does not suspend disintegration, it 
contrasts with potassium chloride in its relatively slight action upon 
- movement—in the larger dose (‘1 p.c.) disintegration is more effectually 
checked, but the effect on movement is even less marked, still the 
sulution does slowly paralyze. In the effect of potassium and sodium 
chloride combined—the potassium action predominates in respect of 
paralysis, the fluid behaving quite like the solution containing 1 c.c. of 
KCl alone: disintegration, as we should expect is held in check. 


On September 24th a longer series of KCl and NaCl solutions in distilled 


water gave results confirmatory of those just recorded. These results were 
as follows :— 


Disintegration, complete, by the distilled water within 24 hrs. 

In the KCl beakers nearly complete paralysis in 44 hours, only one or two 
were moving sluggishly in each beaker; within 24 hrs, all were motionless. 
The beaker containing 1 c.c. each of KCl and of NaCl combined acted just 
like the 1 and 2c.c. of KCl alone. In the NaCl beakers 1, 2 and 3c.c, of 
NaCl 10°/, were contained. The influence upon movement was very slight, 
thus after 10 days there was some movement in two of the flasks containing 
respectively lec, and 2c.c. In two other flasks containing these same 
quantities of NaCl movement was abolished in six days, for this discrepancy 
individual differences in vitality of the organisms might easily account, but 
either result, 6 or 10 days, contrasts sufficiently with the paralyzing action of 
potash made manifest in a few hours. The flask containing 3 c.c. NaCl gave 
practically the sume results as those containing 1 and 2c.c., so far as 
movement was concerned. As to disintegration this was held in check by — 
the NaCl, thus after 6 days all the organisms in the NaCl flasks retained their 
shape. Under the microscope however the organisms in one flask, containing 
2¢.c. NaCl, and which had lost their colour, shewed an absence of structure ; 
in them some internal disintegration had evidently occurred. In the flask 
containing 3 c.c. NaCl preservation at the same stage was more complete, the 
organisms retained their red colour and though motionless to the naked eye 
the microscope shewed slow movements of the whole body and also contractions 
of the vascular canal. : 


We pass now to the influence of lime salts. We have seen that tap 
water will support life for an indefinite period. This fitness must be 
held to depend upon the presence of lime as one essential factor. This 
appeared in many experiments and first in the power of distilled 
water + nitrate of lime, and distilled water + phosphate of lime to 
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support vitality. These two solutions seemed to replace tap water 
fairly satisfactorily. One or two cubic centimetres of a 10°/, solution of 
nitrate of lime added to 200c.c. of distilled water will be ample for the 
purpose, or a saturated solution of phosphate of lime in distilled water. 
The latter salt is so very insoluble that this saturated solution really 
contains less lime than is present in tap water, indeed the usual 
statement is that calcium phosphate is insoluble. We speak of the 
tricalcium salt. From the fact that tricalcic phosphate can act in such 
minute quantity, we must conclude that the amount of calcium nitrate 
employed by us was very excessive, in fact may be regarded as a luxus © 
supply. This point we have not sought to determine quantitatively. 
Some of the experiments with a lime salt in distilled water seemed to 
suggest that the Tubifex suffered more disintegration than was observed 
with tap water, but when this process is slow, as it was in the lime © 
experiments, it is difficult to make sure that the process is not rather 
due to some damage done to the organisms or to a weak vitality of the 
same. Even in tap water, in the course of an experiment extending 
over several days, disintegration was observed, it was generally slight 
but sometimes more marked. | 

The first proposition then, respecting lime salts, is that they will 
convert distilled water into a medium capable of supporting the vitality 
of the Tubifex for considerable periods, e.g. several days. 

- Next, it was found that lime, in the same proportions, was able to 
inhibit or antagonize the paralyzing action of potassium chloride. This 
was made quite definite by a number of experiments in which calcium 
nitrate or calcium phosphate was introduced along with potassium 
chloride. Tap water acted in the same way as a solution of a lime salt 
in distilled water and the inference was that it is the lime present in tap 
water which acts thus. 

Thirdly lime was able to remove the effects of potash aiaie pro- 
duced, e.g. having paralyzed the organisms by potassium chloride it was 
possible to recover them quickly by the addition of a calcium salt. 

Organisms which have been paralyzed by potassium chloride may be 
made to recover quickly by transferring them to a solution of a lime 
salt in distilled water or to tap water simply, but the recovery in these 
cases might be due solely to a diffusion out from the tissues of the 
paralyzing salt, KCl, and not to a direct antagonizing lime action, and 
it is probable that both these factors do come into play. To prove 
however that lime can antagonize without the aid of any diffusion the 
following experiment was made. 
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- Oct. Ist. Four beakers were charged. — 
I. 200c.c. distilled water + 1 c.c. of a 10°/, solution of KCl 


” ” 
” 


Thus II. and IV. were exact of L III. 
The organisms now introduced were found motionless in each case at the | 
end of 7 hrs. | 
I. now received 1 c.c. of a 10°/, solution of Ca(NO,), = 
IL. the organisms were transferred to a flask iii tap ilbile to 
which KCl had been added so as to make it of the same KCI strength 
as the original solution = II*. 
III. received 2 c.c. of a 10°/, solution of Ca(NO,), = IIT*. 
IV. remained unchanged. 
After 17 hours from the transferences the organisms in I*, II*, and IIT’, 
were all found active. In flask 1V. the organisms were quite motionless. 
Now to flask IV. 2 ¢.c. of Ca(NO,), solution 10 °/, were added, and within 
seven and a half hours from this there was some recovery and within 
23 hours of the transference many organisms were active. This recovery was 
from a motionless state of 18 hours’ duration. 


Repeating these experiments on Oct. 2nd, completely confirmatory 
_ results were obtained, and it is thus clear that the lime directly and 
effectually antagonizes the potassium salt. 

In an experiment made on Oct. 3rd, larger quantities of KCl were 
used, viz. 2c.c., 25 c.c., 3c.c., and 4c.c. of a 10°/, solution. The 
organisms having been rendered motionless corresponding quantities of 
Ca(NQ,), solution, 10°/, were added and there was noted in each case 
recovery within a few minutes. The massive dose of the potassium salt 
was rapidly overcome by the massive dose of the lime salt. Recovery 
also took place in tap water which contained the same proportions 
of KCl as the above, but the recovery was much slower; the addition to 
the tap water of a massive dose of lime salt accelerated the recovery. 


- The lime effect was tested in yet another way by the addition viz. of 
sodium oxalate to distilled water. Of the oxalate varying quantities were 
used, viz. 0:5¢.c., Lc.c., and 1-5 of 10°/, solution—and three other flasks 
received the corresponding quantities of sodium oxalate + in each case 2c.c. of 
10°/, solution of NaCl.—Each flask contained 200 c.c. of distilled water. 

The organisms in the flasks containing 1:5 c.c. of sodium oxalate solution 
became almost motionless in 84 hours, but after 24 hours there was still some 
slight movement present, however on transferring the organisms to tap water 
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the movements greatly increased in # few minutes and thence onward they 
remained active. The 0°5c.c. sodium oxalate flasks did not seem to influence 
the organisms, the 1 c.c. flasks caused sluggishness of movements in one case 
but not in the other. 


The influence of sodium oxalate here is probably by withdrawing 
lime from the tissues or by rendering it useless — the tissues by 
precipitation. 

These experiments were not made exhaustive. 

Sodium oxalate seemed to completely prevent disintegration, during 
a period of three days (78 hrs. strictly). | 
~ To sum up, these experiments shew clearly : 

Ist. That a lime salt is essential to the vitality of the Nel ata 
Tubifex Rivulorum. 

2nd. That whilst a very + sahil quantity of a lime salt seems to be 
adequate to the maintenance of this vitality, the quantity may be 
increased enormously without producing any very definite result—in 
other words, it is very indifferent to the tissues. Contrast here the 
quantity of lime present in a solution of tricalcic phosphate with that 
contained in 2 or 3c.c. of a 10°/, solution of calcium nitrate. 

The minute dose of lime will represent the physiological one; the. 
massive dose, the therapeutic or toxic one, only we did not reach the 
toxic limit. . 

8rd. That lime both in the minimal and in the massive dose 
antagonizes the paralyzing influence of a potassium salt, and that whilst 
a minimal dose of lime seems to have extraordinary powers of inhibiting 
or antagonizing the action of large quantities of potash, a massive dose 
of the potassium salt seems to be easiest overcome by a massive dose of 
the calcium salt. 

4th. That sodium contrasts with potassium in the relative feeble- 
ness of its action—maintaining its character as an indifferent element. 

-. We may add that all the salts potassic, sodic, calcic used in these 
experiments hold in check the disintegrating influence of distilled 
water. This action is probably physico-chemical. The experiments on 
this point shew :— 

5th. The remarkable power which a minute dose of a lime salt, 
e.g. of lime phosphate, possesses in maintaining the integrity of the 
tissues, We may here again refer to the experiments already quoted 
in which it was found that the powers of imbibition of Laminaria were | 
notably controlled by a lime salt. The quantities of sodium and potas- 
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sium salts which also controlled the disintegrating process were maximal 
as compared with this quantity of the lime salts. 

In what light we are to regard the physiologic and toxic antagonism 
existing between lime and potash it is hard to determine. That lime 
does not act by preventing the ingress of the potassium poison by 
imbibition or otherwise is clear from those experiments in which the 
potassic effect was first produced and then overcome in situ as it were, 
by the calcium salt. If we say that the molecular vibrations of the - 
calcium salts do not harmonize with those of the potassium salts, and by 
mechanical interference annul each other's action in the same way that 
waves of light of different rates of vibration interfere with each other 
and may produce a negation of effect—viz. darkness—if we say this, we 
say nothing that really advances the understanding of the subject. 
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THE INNERVATION OF THE VESSELS OF THE 
LIMBS. By W. M. BAYLISS, B.A., BSc. anv JOHN ROSE 
BRADFORD, MD., DSc. (Plate I.) 


(From the Physiological Laboratory of University College, London.) 


THE origin and course of the vaso-constrictor nerves for the fore-limb 
have been the object of relatively little investigation. Schiff', Bernard’, — 
and Cyon* have observed the effects of section of the roots of the 
brachial plexus and of extirpation of the upper thoracic and inferior 
cervical ganglia in the dog and state that a rise of temperature of the 
limb in question is the result. According to Schiff, who was the first 
to attempt extirpation of the ganglia, which he did by introducing his 
finger into the thorax and destroying the ganglia with his finger-nail, 
the rise of temperature in the interdigital membrane amounted to 45°C. 
— to 675°C. Bernard found no effect on the vessels of the limb on 
dividing the three last cervical and two first thoracic nerve-roots in the 
spinal canal, but considerable vascular dilatation on dividing the nerves 
of the brachial plexus in the axilla. Destruction of the Ist thoracic 
ganglion by means of a hook also produced vascular dilatation. Elec- 
trical excitation of the ganglion caused vascular constriction, shewn by 
pallor and cooling of the paw, and the same effect was produced by 
excitation of the peripheral end of the cut sympathetic trunk. He 
found a rise of temperature in the limb to follow section of the 3rd or 
4th thoracic nerve-roots within the spinal canal but did not make any 
observations on the lower roots. | 

Schiff found after section of the four lowest cervical and three 
uppermost thoracic nerve-roots a considerable rise of temperature on 
the paralysed side. He distinguishes nerves for the vessels of the paw, 


-1 $chiff. Unters. z, Physiol. d. Nervensystems, 1855, p. 176, and Comptes Rendus, iv. 
p. 425, 1862. 
2 Cl, Bernard. Compt. Rend. tv. p. 305. 
3 E.Cyon. Ber. d. siichs. Ges. d. Wiss. 1868, p. 73. 
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fore-arm and thorax from those for the shoulder and a part of the 
fore-arm ; the former comes from the anterior roots of the plexus, the 
latter directly from the thoracic ganglia without joining the plexus. 

Cyon found slight rise of temperature in the paw after section of 
the three lowest cervical and upper two thoracic roots, and in agreement 
with Schiff and Bernard a considerable rise after extirpation of the 
thoracic ganglia. Section of the sympathetic chain between the 2nd 
and 3rd ribs or between any ribs down to the 7th and 8th caused as 
considerable a rise of temperature as extirpation of the Ist thoracic 
ganglion, but section of one ramus communicans only produced very 
little vascular dilatation, that of several together being necessary for 
any marked effect ; he concludes that the vascular nerves for the brachial 
plexus pass out through several rami communicantes of the middle 
thoracic region, varying however in different individuals as to the exact 
situation. | 

With respect to the hind-limb Bernard found? that after section of 
all the roots of the lumbo-sacral plexus of the dog or of the sciatic nerve, 
vascular dilatation of the limb took place; whereas no effect was produced 
on section of the sacral roots or 4 or 5 last lumbar roots. Section of 
the sympathetic chain between the 5th and 6th lumbar vertebre 
produced the effect. Schiff* found rise of temperature after section of 
the two last lumbar and the three first sacral roots, but much less than 
after section of the sciatic, and he concludes “ that the vascular nerves 
of the sciatic arise from nerve-roots which are situated either higher up 
or lower down than those which supply the sciatic nerve with its sensory 
and motor fibres.” Brown-Séquard’ found vascular dilatation to 
follow section of the five lower thoracic nerve-roots. Ostroumoff 
(Heidenhain)* found that the lumbar roots contain many vascular 
fibres for the foot. Schiff states further that the sciatic plexus enters 
into communication with the spinal nerves of higher segments partly by 
communicating branches of the spinal plexus and partly by rami 
communicantes of the sympathetic chain. Ostroumoff and Heiden- 
hain shewed that section of the abdominal sympathetic caused con-— 
siderable rise of is ooscnie in the limb, whilst excitation of the same 


1 (Cl. Bernard. Ann. d. Sciences Nat. ser. 4, 1; p. 186, ies, aud Compt. Rend, wv. p. 
228, 1862. 

2 Schiff. Unters. z. Physiol. d. Nervensystems, p. 168, 1855, and Compt. Rend. LY. 
462, 1862. 

’ Brown-Séquard, Gaz. méd. de Paris, 1856. No. 16. 

* Ostroumoff (Heidenhain). Arch. f. d. ges. Physiol. xu. p. 219, 1876. 
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caused fall of temperature. They also found that the vascular nerves 
reach the limb through the sciatic, for after section of that nerve 
excitation of the abdominal sympathetic produces no longer vascular 
constriction. They state that vascular nerves pass into the sympathetic 
above the lumbar cord, for after section of the cord above the 1st lumbar 
nerve-root rise of temperature in the hind-limb can be produced reflexly 
by excitation in the anterior part of the body. In the dog, according 
to Stricker’, and in the cat, according to Puelma and Luchsinger’?, 
vascular nerves for the foot run in the roots of the sciatic. 

Langley’, when working on the sweat glands, found vascular effects 
on the toes and pad from every nerve that caused secretion; he found 
that the 3rd thoracic once had vaso-motor fibres and that the 5th, 6th, 
7th and 8th gave most effect on the fore-foot, while the 13th thoracic 
and Ist and 2nd lumbar gave most on the hind-foot: and in a paper on 
pilo-motor nerves‘ he mentions that in a cat with posterior plexus the 
4th lumbar had both secretory and vaso-motor fibres for the foot. 
These results were published after our work was completed, although 
unpublished, and it is satisfactory to find an independent observer in so 
close an agreement with the results we have obtained and give in detail 
below. 

The observations recorded in the present paper formed part of a 
series carried out in part by one of us (Bradford) during the past four 
years on the course pursued by the vaso-constrictor fibres in passing 
from the central nervous system to their distribution. As mentioned in 
previous papers’ these experiments have been carried out exclusively 
on dogs inasmuch as they owe their origin to Gaskell’s anatomical 
work on the sympathetic which as is well known was carried out on this 
animal. 

Our communication will be divided into the falling sections : 

I. Method. 

II. The vaso-constrictor nerves of the limbs, (a) fore-limb, (6) hind- 
limb. 

III. Some reflex phenomena. 

IV. The effects of asphyxia. 

V. Conclusion. 


1 Stricker. Sitzungsber. d. Wiener Akad. uxxtv. p. 173, 1876. 

? Puelma and Luchsinger. Arch. f. d. ges. Physiol. xvii. p. 489, 1878. 

3 Langley. This Journal, Vol. xu. p. 375, 1891. 

* Langley. This Journal, Vol. xv. p. 227, 18938. 

Bradford. This Journal, Vol. x. Bradford and Dean. Proc. Roy. Soc. 1889. 
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I. METHOD. 


It seemed to us that the plethysmographic method was the most 
suitable, although it has the great disadvantage of recording only the 
total change of volume of the part, not enabling us to differentiate the 
effects on the cutaneous vessels from those on the muscular vessels. 
Our purpose however being to a certain extent a morphological one we 
did not consider that this objection outweighed the many advantages of 
the method. Dogs of from 15 to 25 lbs. in weight were used. They 
were anesthetized with chloroform, and morphia was then injected subcu- 
taneously in doses of about 4 grain, and after the operative procedure 
was completed, curare was injected into the external jugular vein. The 
vagi were divided, tracheotomy performed, the carotid artery on one 
side prepared and connected with a mercurial manometer in the usual 
manner. The fore-limb or hind-limb was then shaved, greased with 
vaseline, and inserted into a glass plethysmograph filled with warm 
water; the apparatus was rendered water-tight by means of a thin 
india-rubber junction which did not exert sufficient pressure on the 
limb to interfere with the circulation in any way. The change of 
volume of the limb was recorded by connecting the plethysmograph 
with a Marey’s tambour. In the experiments requiring the exposure of 
the nerve-roots these were prepared as described in a former paper by 
one of us’ and it will suffice to say that the spinal canal was opened by 
removal of the neural arches, the nerve tied outside the dura mater and 
divided centrally to the ligature, so that a considerable length of the 
peripheral end was available for excitation. It is to be understood that 
in these experiments the peripheral ends of both anterior and posterior 
roots were excited together, in other words, if the posterior roots contain 
efferent fibres as asserted by Stricker these would be excited in our 
method; it must be remembered however that ordinary methods of 
excitation (i.e. rapidly interrupted induction currents) fail to produce 
any effect on the vessels when applied to the peripheral ends of isolated 
posterior roots, so that the results obtained in our experiments are due 
to the excitation of fibres in the anterior roots. 


II. THE CONSTRICTOR-FIBRES OF THE LIMBS. 


A. Fore-limb. In these observations the plethysmograph enclosed 
the whole of the fore-limb as far as the axillary folds except in a few 


1 Bradford. This Journal, Vol. x. p. 358, 1889. 
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cases to be mentioned below. The spinal nerves, prepared and divided, 
were excited one by one from the 2nd dorsal downwards. The 2nd 
dorsal produced no marked effect and the 3rd dorsal a very slight 
contraction of the limb, not infrequently absent. With the 4th nerve 
the result is decided, and when the electrodes are applied to the roots 
from this downwards, a well-marked contraction of the limb ensues, 
accompanied by a small rise of blood-pressure. The general result with 
the 5th, 6th, 7th, 8th, 9th and 10th is much the same in all, viz. 
diminution in volume of the fore-limb and rise of general blood-pressure, 
but as one passes from the middle of the series of nerves to the lower 
ones the effect on the bulk of the limb diminishes, while the rise of 
blood-pressure increases in amount. The middle nerves, ie. the 6th, 
7th and 8th, give the maximum result on the limb, the constriction 
produced by the 9th and 10th being slight, although perfectly distinct 
and more marked than that produced by the 3rd dorsal; this is the 
_ more remarkable seeing that the 10th dorsal nerve causes a great rise 
of blood-pressure dependent on excitation of vaso-constrictor fibres for 
the viscera, which would in itself tend to cause a passive expansion of 
the limb. When the 11th nerve-root is excited the blood-pressure rises 
but the fore-limb expands, thus shewing either that the 11th nerve 


~ contains no fibres, for the vessels of the limb, or that the local effect on 


the limb is so slight in amount as to be overcome by the great rise of 
blood-pressure dependent on the visceral constriction produced at the 
same time. That the latter is the true explanation is shewn by the 
following experiment. The blood-pressure and the volume of, say the 
right fore-limb, are recorded as usual and the right 11th dorsal nerve — 
arranged for excitation, but previously the right great splanchnic has 
been divided at the level of the 12th rib, so that the fibres it derives 
from the 11th nerve-root are cut. When the 11th nerve is now excited 
there is very little rise of general blood-pressure but a quite distinct 
diminution in the volume of the limb, thus shewing the presence in the 
llth nerve of some vaso-constrictor fibres for the fore-limb. This 
however is the lowest nerve, excitation of which is followed by any 
constrictor effect on the fore-limb either with or without previous section 
of the splanchnic. We see then that the fore-limb in the dog derives 
its vaso-constrictor fibres from a series of nine spinal nerves, commencing 
with the 3rd dorsal and terminating with the 11th dorsal, both inclusive ; 
aud notwithstanding this extent of origin, all these nerve-roots contain 
vaso-constrictor fibres, that is to say there are no gaps in the series. As 
in the case of the kidney and other viscera the first and last roots do 
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not produce so marked an effect as the intermediate ones. In other 
words, the outflow of vaso-motor fibres to the fore-limb although sudden 
is not quite sudden, the 4th nerve producing a greater effect than the 
3rd, and the 5th than the 4th. The constrictor effect produced by each 
of the nerves from the 5th to the 9th is large, and no one of these nerves 
produces a sensibly greater effect than any other on the volume of the 
limb, although the lower nerves 8th and 9th produce a greater rise of 
general blood-pressure than the upper ones; this of course is dependent 
on the fact of the visceral fibres being more abundant in the lower 
dorsal than in the upper dorsal roots, and hence the 8th and 9th nerves 
contain more of such fibres than the 5th, 6th and 7th nerves. It must 
be remembered however that a rise of blood-pressure will neutralize to 
a certain extent the local constrictor effect produced in the limb; as — 
~ mentioned above, moreover, the constriction of the fore-limb obtained 

from the 10th and 11th nerves is quite small in amount. 

Although the fore-limb derives its vascular nerves from such an — 
extensive area of the cord we have been unable to obtain any evidence 
of the upper roots supplying the proximal part of the limb and the 
lower ones the distal part or vice versd. If the fore-paw and about half 
the fore-arm be enclosed in a short plethysmograph, distinct constriction 
of this distal portion of the limb can be obtained by exciting the 9th 
and 10th nerve-roots. 

The fore-limb of the dog therefore derives its vaso-constrictor nerves 
from the 3rd dorsal to the 11th dorsal inclusive, but the 3rd, 4th, 10th 
and 11th nerves produce but a smal] effect compared to that observed 
with the 5th, 6th, 7th, 8th and 9th dorsal nerves’. 

B. The hind-limb. In our observations on the hind-limb the 
plethysmograph reached to the junction of the upper and middle thirds 
of the thigh as it is difficult to adjust the instrument in such a way as 
to include all the uppermost part of the hind-limb. The highest nerve 
producing a distinct effect on the volume of the hind-limb is the 11th 
dorsal. We have not obtained any constriction of the hind-limb from 
the 10th dorsal. If the volume of the fore and hind-limbs be observed 
together and 10th, 11th and 12th nerves excited successively, the 10th 


_} Of course the 3rd and 11th dorsal nerves were not exposed in the same animal on 
account of the shock that would result from so large an area of spinal cord being laid 
bare, so that it is quite possible that when the 3rd nerve contained vaso-constrictors the 
case was one called by Langley anterior arrangement of nerves, and where the 11th 
dorsal contained such fibres the case was one of posterior arrangement of nerves ; in one 
case therefore the origin might be 3rd to 10th dorsal Sneeten, Se te the other 4th to 11th 
dorgal inclusive. 
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is seen to cause constriction of the arm and expansion (passive) of the 
leg, the 12th expansion of the arm and constriction of the leg, and the 
11th slight constriction of the leg and either slight constriction or slight 

expansion of the arm dependent on the amount of the synchronous rise 
of general blood-pressure. The constriction of the hind-limb produced 
by the 12th and 13th dorsal and the Ist and 2nd lumbar roots is much 
more marked than that obtained with the 11th dorsal. Finally, with 
the 3rd lumbar we reach the lower limit of the nerves producing any — 
marked constrictor effect on the limb. With the 4th lumbar we have 
usually obtained no effect on the volume of the limb but occasionally a 
slight expansion; excitation of the 4th lumbar produced no rise of 
blood-pressure. We reach in this nerve the end of the long series of 
dorsal nerves containing vaso-motor fibres ; hence the expansion some- 
times. observed on excitation of the 4th lumbar is not dependent on 
constriction of other areas but is an active expansion dependent probably — 
on the presence of vaso-dilator fibres. We must however remark that 
in by far the greater number of experiments excitation of the 4th and 
successive Jower lumbar roots has not given us any effect on the volume 
of the hind-limb. It is possible that the vaso-dilator phenomena were 
not shewn owing to the curare used or the method of excitation 
employed; an ordinary induction coil with a rapid rate of interruption 
is not appropriate to demonstrate vaso-dilators and we were in this 
research mainly concerned with vaso-constrictors. 

On comparing the results described above, three main facts stand 
out. First, that although both fore-limb and hind-limb receive their 
vaso-constrictor nerves from an extended area of the spinal cord, yet 
this area in the case of the hind-limb is somewhat less extensive than in 
the case of the fore-limb; the latter receives its vaso-constrictor nerves 
from 9 roots, 3rd to 11th dorsal, and the hind-limb from 6 roots, 11th 
dorsal to 3rd lumbar. It must be remembered that in the case of the 
fore-limb two of these 9 nerves give very slight effects, viz. the 3rd and 
11th dorsal, and also that the whole of the hind-limb was not enclosed 
in the plethysmograph, so that it is possible that future research may 
demonstrate a few vaso-constrictor fibres in the 10th or even higher 
dorsal nerves. We have however not been able to detect any. The 
second fact of more interest is that not only is there no gap between 
the innervation of the vessels of the fore-limb and those of the hind-limb 
but they actually overlap, the 11th dorsal causing constriction of both 
limbs. It is true that the effect of this nerve on the fore-limb is small, 
necessitating previous section of the splanchnic to demonstrate it. in 
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order to eliminate the rise of blood-pressure, but it is perfectly unmis- 
takeable. 
| The third fact is that the innervation of the limb vessels, and hence 
probably of the vessels of the body-wall generally, is derived from 
approximately the same region of the spinal cord as the innervation of 
the vessels of the abdominal viscera. Observations on the general 
blood-pressure shew that the chief outflow of vaso-constrictor fibres 
occurs from the 6th dorsal to the 1st lumbar, and that the roots from 
the 2nd dorsal to the 6th dorsal and from the 1st lumbar to the 3rd 
lumbar do not produce on excitation any considerable rise of blood- 
pressure. Thus, for instance, the kidney derives its nerves from the 6th 
dorsal to the 2nd lumbar, so that its area overlaps both that of the fore- 
limb and that of the hind-limb. 


PHENOMENA. 


(a) Central end of sciatic nerve. Excitation of the central end of 
an afferent nerve leads generally to a diminution in the volume of the 
limb unless the simultaneous rise of blood-pressure be large enough to 
counteract the vascular constriction in the limb and passively distend 
the vessels. Thus excitation of the central end of the sciatic leads to 
constriction of the opposite hind-limb and of the fore-limbs accompanied 
by a moderate rise in general blood-pressure. Similar phenomena 
follow excitation of the central ends of the roots of the brachial plexus. 

(b) Central end of splanchnic nerve. On the other hand excitation 
of the central end of the divided splanchnic is followed by a great rise 
of general blood-pressure and considerable increase in the volume of 
the limbs. This expansion of the limbs is evidently passive and not of 
active origin, as is seen by modifying the experiment as follows. The 
central end of one splanchnic is arranged for excitation and the 
opposite splanchnic exposed and a loose ligature placed under it at the 
level of the 12th dorsal nerve, so that it can be cut at any given time; 
the volume of the limbs is observed in the usual manner. On exciting 
the central end of the divided splanchnic the blood-pressure rises 
enormously and the volume of the limbs increases, although occasionally 
this expansion may be preceded by a slight and transitory constriction. 
The opposite splanchnic is now cut and the experiment repeated ; 
under these conditions the volume of the limb undergoes during the 
excitation an obvious diminution and the rise of general blood-pressure 
is exceedingly slight, since the great bulk of the visceral vessels are 
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separated from the vaso-motor centre owing to the section of both 
splanchnics; the vessels of the limbs however are still in connection 
with the vaso-motor centre since the fibres for the fore-limb issue from 
the 3rd to the 11th dorsal and those for the hind-limb do not run in 


the great splanchnics, but reach the sacral plexus via the main chain of 


the .sympathetic. These experiments demonstrate in the first place 


that the expansion of the limbs observed on reflex excitation through © 


the splanchnic when the other splanchnic is intact is not an active 
vaso-dilatation, but simply dependent on the rise of blood-pressure 
produced by constriction of visceral vessels overpowering the con- 
striction of the limb vessels. Secondly, we see that constriction of the 
limb-vessels only, even when considerable in amount, is not sufficient to 
cause any material rise of general blood-pressure. 

_ It is only however when the visceral constriction is considerable 
that the constriction of the limb vessels is overpowered and that passive 
dilatation is seen. Excitation of the central end of the sciatic causes as 
is well known visceral constriction, but as mentioned above constriction 
of the limbs is simultaneously produced. The rise of blood-pressure, 
and hence the visceral constriction, is much less with excitation of 
central end of the sciatic than in the case of central end of the 
splanchnic, so that the constrictor mechanism of the limb is powerful 
enough to manifest its existence in the presence of visceral constriction 
unless this latter is very considerable in amount. 

(c) Central end of a posterior root. Excitation of the central end 
of one of the posterior roots produces somewhat similar results, i.e. 
constriction of the limbs, unless the accompanying rise of blood-pressure 
is very great, when a passive expansion results. As described by one 
of us in a former paper the rise of blood-pressure produced by excitation 
of the central ends of certain posterior roots is remarkable for its 
magnitude, and for the rapidity of its production and for its long 
duration. The rise of blood-pressure produced by reflex excitation in 
the case of most afferent nerves is gradual in its rise and of varying 
amounts, dependent on strength, duration of stimulus, etc.; in the case 
of the lower dorsal and upper lumbar posterior roots however: the rise 
of blood-pressure is much greater, and what is more characteristic it is 
extremely sudden in its onset so that the curve of the rise approximates 
to a vertical line. With this great rise of blood-pressure the limbs as 
would be expected undergo a passive expansion, which like the rise of 
blood-pressure continues for some minutes after the cessation of the 
excitation. These effects are well seen on excitation of posterior roots 
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as slow as the 3rd lumbar. The posterior roots below this produce a 
strikingly different effect; thus the central end-of the posterior root of 
the 4th lumbar produces a quite small rise of blood-pressure, whereas 
the same excitation of the nerve above causes the great rise just 
mentioned. In other words, just as we have seen that the 3rd lumbar 
is the lowest nerve of the series containing efferent vaso-constrictor 
fibres in any sensible number, so we find that it is also the last nerve 
that contains many afferent fibres in the posterior root capable of 
producing a great rise of blood-pressure. The great difference between 
the rise of blood-pressure produced by excitation of the central end of a 
posterior root above the 3rd lumbar nerve and that produced by one 
below the 4th lumbar must be due either to the nerves below the 3rd 
lumbar containing but few afferent fibres capable of affecting the vaso- 
motor centre, or else to the nerves above the 3rd lumbar and between it 
and the 5th dorsal containing some special afferent fibres not present 
in other afferent nerves. 

Excitation of the central ends of lower lumbar and sacral posterior 
roots produces constriction of the hind-limb accompanied by a moderate 
rise in blood-pressure. We have not observed any active reflex 
dilatation of the limbs following the excitation of the central end of 
any posterior root. 

(d) Depressor effects. As is well known the excitation of various 
afferent nerves in the dog, vagus, sciatic, and intercostal posterior roots 
occasionally causes a depressor instead of a pressor effect. Under these 
conditions we have not observed any active dilatation of the limbs, the 
curve of the limb volume following that of the bluod-pressure, and the 
probable interpretation of this is that the dilatation produced in the 
splanchnic area is such as to drain blood from the other parts of the 
body and amongst them from the limb vessels to such a degree that the 
volume of the limbs undergoes a passive diminution. 

_ The main conclusion from the study of the reflex phenomena is that 
there is a struggle between the local effect (usually constrictor) and the 


_ general effect which is mainly of visceral origin, and that if the latter is 


at all considerable the rise of blood-pressure produced by it overcomes 
the constriction produced in the limb vessels and hence they dilate 
passively. At the same time it must be remembered that owing to the 
method used (i.e. plethysmograph) we could not excite the nerves of the 
same part the volume of which was being measured. We could not, for 
instance, investigate the effect of afferent stimuli from the actual portion 
included in the plethysmograph. It is however rather remarkable that 
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the posterior roots of the sacral plexus did not produce a reflex 
dilatation in the hind-limb, | 


IV. ASPHYXIA. 


The volume of the limbs does not undergo in asphyxia the great 
changes that we are familiar with in the case of such viscera as the a 
kidney or spleen. Most frequently the volume of the limbs undergoes 
a slow, gradual and slight increase during and accompanying the well- | 
known rise of blood-pressure produced by asphyxia. With the final a 
rapid fall of blood-pressure at the end of asphyxia there is a great a 
diminution in the volume of the limbs. The well-known Traube 
curves which are so obvious on the blood-pressure traces are also seen 
on the record of the limb volume, but in the case of the limb they are 
passive, that is to say, the volume of the limb increases synchronously 

“with the rise of blood-pressure and decreases with the fall of the 
Traube curve; hence the curves in the limb tracing and the blood- 
pressure tracing are similar instead of opposite, as is the case with 
the kidney or spleen, In other words, the rhythmical alterations in the 
volume of the vessels of the kidney or spleen are concerned in the 
production of the Traube curves, whereas the limb vessels do not take 
this active share in producing the Traube curves, but are, on the other 
hand, passively distended and contracted by the rhythmical oscillations 
of the general blood-pressure. The limb vessels during asphyxia are 
affected somewhat similarly to the brain vessels as described by Roy 
and Sherrington’, but there is no evidence in the case of the limbs 

that the expansion observed is an active one, on the contrary, it is 
purely passive, as shewn by the fact that if the effect of asphyxia be 
observed after section of both splanchnics the limb volume diminishes, 
since under these circumstances the rise of blood-pressure is very small 
and is not sufficient to overcome the constriction of the limb vessels. 

Asphyxia brings us to the same conclusion as the results of reflex 
excitation, viz. that the vessels of the limbs are affected similarly to 
those of the viscera but not to the same extent, and hence the limb | 
constriction is overpowered by the high blood-pressure produced by the 
visceral constriction. Occasionally and more especially if the general 
rise of blood-pressure during asphyxia is but slight, the volume of the 
limbs undergoes scarcely any change until the final fall in arterial 
pressure during the last stage of asphyxia, when, as stated above, the 


? This Journal, Vol. x1, p. 91, 1890, 
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limb volume diminishes greatly. In these cases the result is easily 
accounted for by supposing that the rise of blood-pressure does not 
overpower the local constriction to the same extent as in the more 
usual cases when the limbs expand. If artificial respiration be again 
supplied during the final stage of asphyxia when the blood-pressure i is 
rapidly falling, it is well known that the blood-pressure rises rapidly to 
even a greater height than any to which it had attained during the 
asphyxia, and synchronously with this great rise of blood-pressure the 
limbs undergo a great expansion; the advent of oxygen causes the 
heart to beat with increased vigour, and the visceral vessels being 
strongly contracted by the asphyxia there is for a few seconds a very 
high blood-pressure, and it is interesting to observe that here again the 
limb vessels are overpowered and passively dilated. No such dilatation 
of the kidney is seen during the great rise of blood-pressure produced 
by advent of air after asphyxia, the kidney remains strongly contracted 
at the very moment that the limbs are undergoing the passive 
expansion just described. Soon the kidney and no doubt all the 
viscera expand slowly and simultaneously, the blood- pressure falls 
gradually to its former height and the limbs contract again. These 
experiments shew the antagonism between the visceral and limb vessels, 
but this is not an active antagonism in which the visceral vessels are 
actively contracted and the limb vessels actively dilated, but one in | 
which the visceral vessels are actively constricted, and the great rise of 
blood-pressure so produced distends the limb vessels passively notwith- 
standing that they are actively constricted. This effect may be due 
simply to the fact that the visceral vascular area is so much larger than 
the limb vascular area, but it may also be due to the fact that the 
limb vessels are not so freely supplied with vaso-constrictor fibres as 
the visceral vessels. 


V. CONCLUSION. 


The main conclusions may be summarized as follows: 

I. The limb vessels like those of the kidney derive their vaso- 
motor nerves from a very extended area of the cord, far more extended 
than previous researches would have led one to expect’. This area is 
the same as that supplying the vessels of the viscera, and may be 


1 Since writing the above, a paper by Langley has appeared in which a table occurs 
(this Journal, Vol. xv. p, 227) shewing the areas of the cord from which vaso-motor nerves 
are given off to be very extensive, 
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‘shortly described as that part of the spinal cord extending from the 
cervical plexus to the lumbar plexus, although more accurately from the 
2nd dorsal to the 3rd lumbar nerves. 

II. Whatever antagonism there is between the visceral vessels on 
the one hand, and the limb vessels on the other, it is not one of an active 
physiological character but is rather dependent upon the vessels of the 
limbs being influenced passively by the great changes produced in the 
aortic blood-pressure by the prepotent visceral effects; the local effects 
in the limbs being overwhelmed by these aortic results. 


EXPLANATION OF PLATE I. 


In all the experiments dogs were used and they were anesthetized with 
- chloroform and morphia, then curarized. The vagi were divided and the limb — 
or limbs placed in the plethysmograph and the latter connected to the 
tambour. 
Fig. 1. Carotid 3.-p. and volume of fore-limb. 
A. Effect of excitation of the peripheral end of the 3rd dorsal nerve. 
B. Effect of excitation of the peripheral end of the 4th dorsal nerve. 
Fig. 2. Carotid s.-p. and volume of fore-limb. 
A. Excitation of the 5th dorsal. 
B. Excitation of the 6th dorsal. 
Fig. 3. Carotid B.-p. volume of fore-limb and hind-limb; effects of 
excitation of the 9th, 10th, 11th and 12th dorsal nerves. 
The 9th and 10th produce diminution in volume of fore-limb. : 
The 11th produces slight diminution in volume in both fore- and hind- 
limbs. The 12th marked diminution in hind-limb and passive expansion of 
fore-limb. 


Fig. 4. Effect of excitation of 13th dorsal on hind-limb and on fore-limb. 
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THE PROTEIDS OF THE THYROID AND THE SPLEEN '. 
By FREDERICK GOURLAY, MD. Plate IL . 


(From the Physiological Laboratory, King's College, London.) 


THE following is an account of some work I carried out during the last 
year under the superintendence of Professor Halliburton. It may be © 
divided into two parts, the first — of the thyroid, the second of 
the spleen. 


Part Tue PRorews oF THE THYROID. 


The difficulties that are met with when performing experiments on 
the chemistry of the thyroid gland arise from the compound nature of | 
the organ. Any proteid matter which is obtained from it at once raises 
the question whether it is a product of the cells or of the colloid 
matter in the alveoli A new microchemical method has however 
enabled me in part to overcome this difficulty. | 

An account of the experiments may conveniently be given as 
answers to a number of questions. : 

Does the thyroid contain peptone? As clinical experience — 


has shown that thyroid feeding in cases of myxcedema is as efficacious B 


as injection of thyroid juice subcutaneously, it is evident that the active 
principle is not destroyed by the process of digestion ; therefore it was 
not @ priors improbable that a peptone or proteose would possibly be 
obtainable from the fresh thyroid. 

But no peptone is present in the fresh thyroid, and the following 
_ experiment will serve as an example of those I have performed and 
which all led to the same result. 


1 This paper formed part of a Thesis presented to the University of Edinburgh for the 
degree, 1898. 


Fy: 
> 
4 
3 
¢ 
| 
A 
a 
® 
a 
4 
; 
a 
a 
" 
¥ 
n 
7 
a) 


24 . F. GOURLAY. 


Two lobes of the thyroid of an ox when still warm were cut into a pulp. 
This. was ground up with crystals of ammonium sulphate, a smal] quantity of 
distilled water added, and the mixture shaken for some hours. It was then 
boiled and filtered. The filtrate which would have contained the pepione 
had any been present gave with the most delicate tests no indication of the 
presence of any proteid whatever. | 


Does the thyroid contain proteoses? The answer to this 
question is also a negative one. The method adopted was Devoto's. 


The residue on the filter in the last experiment was again boiled for ten 
minutes with saturated. solution of ammonium sulphate and then extracted 


with hot water; the extract gave no tests for proteid, and therefore proteoses 
were absent. 


Does the thyroid secrete mucin? Mucin is a glucoside, a 
compound of a proteid and a carbohydrate (animal gum), and by boiling 
with dilute sulphuric acid it yields a reducing sugar. Nucleo-albumin 
which is apt to be mistaken for mucin does not do this. | 


Two lobes of the thyroid of an ox were scraped down, the capsule and 
trabeculz of connective tissue being removed as much as possible. The pulp 
was then boiled with dilute sulphuric acid in a flask for two hours and a half 
and filtered. The filtrate was neutralized with alkali, and boiled with 
Fehling’s solution. No reduction occurred. | 

In another experiment similarly performed, the final filtrate was 
neutralized, boiled with crystals of sodium sulphate and filtered to remove ~ 
proteid matter. The filtrate on being tested with Fehling’s solution gave 
no reduction even after long boiling. ‘The colloid material in the alveoli of 
the organ is therefore not mucin. 


Is nucleo-albumin obtainable from the thyroid? Two 
methods of preparing this substance were adopted. | 


(1) Wooldridge’s method. The finely divided organ was extracted for 
about twenty-four hours with a large quantity of distilled water. The 
extract was poured off, and to it weak acetic acid was added. After twenty- 
four hours a flocculent precipitate separated out and fell to the bottom of the 
vessel, This was washed by decantation, and finally collected on a filter. — 
It was subjected to gastric digestion, and after some days a residue was left, 
which was soluble in dilute alkali, and reprecipitated on adding acetic acid. 


It was moreover rich in phosphorus. In other words, the residue consisted 
of nuclein. 


By Wooldridge’s method therefore nucleo-albumin is obtainable 
from the thyroid. 
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The yield however by this method is not large, and sometimes the 
liquid became cloudy on adding the acetic acid, little or no precipitate 
falling subsequently. If, as I believe and hope to show, the nucleo- 
albumin is in part derived from the colloid matter of the gland, this 
fact agrees well with what is stated in the text-books to characterise 
the colloid matter, and distinguish it from mucin, namely, the fact that 
it is not readily precipitable by acetic acid. 


(2) Halliburton’s method.. Some thyroids were cut up very small, and 
ground in a mortar with about an equal quantity of sodium chloride. A 
small quantity of distilled water was added and the whole thoroughly mixed. 
The resulting mass was exceedingly viscid. This was then poured into a 
large volume of distilled water. The pieces of tissue fell to the bottom of the 
vessel, and a large precipitate of whitish flakes took place all through the 
water, These formed cohesive strings which floated up to the surface of the 
water, where they formed a thick scum. On subjecting this to gastric 
digestion, the residue was again found to consist of nuclein. 


Nucleo-albumin can therefore be obtained from the thyroid by both 
the methods adopted, but more readily by Halliburton’s sodium 
chloride method than by Wooldridge’s acetic acid method. 

Does the thyroid nucleo-albumin cause intravascular co- 
agulation? Wooldridge, Halliburton, Pekelharing and others 
have abundantly demonstrated that nucleo-albumins obtained from 
- various cellular organs produce intravascular thrombosis when injected 
into the circulation. It therefure became necessary to test this 

question with the nucleo-albumin of the thyroid. The experiments 
- were performed on rabbits for me by Dr Brodie, whom I have to thank 
for the assistance he has thus given me. The animal being anzsthe- 
tised with ether, and the jugular vein exposed, 150 c.c. of a solution of: 
thyroid nucleo-albumin (prepared by the sodium chloride method and 
dissolved in a dilute solution of sodium carbonate) were injected. ‘This 
did not cause the death of the animal; it was therefore killed by 
asphyxia, and the blood was found still fluid, and clotted in the usual 
manner on removal from the body. This single negative result was not 
regarded as conclusive, as one does occasionally obtain inactive 
_ preparations even from the thymus. It was moreover performed on a 
white rabbit, and white rabbits appear to be least affected by such 
injections. It was therefore repeated, and it was found that some pre- 
parations caused slight, and others very extensive intravascular 


coagulation. Tn all, six experiments were performed, the animal — 
in every case anesthetised with ether. 
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(1) The experiment just alluded to; white rabbit ; result negative, 

(2) Nucleo-albumin prepared by Halliburton’s method ; dark rabbit ; 
20 c.c’ caused death ; small clots found in right auricle and ventricle. 

(3) The same preparation; white rabbit; 150 cc. had no effect. 
Animal killed by asphyxia: no intravascular clotting: blood clotted as usual 
after removal. 

(4) Nucleo-albumin prepared by Wooldridge’s method ; white rabbit ; 
180 c.c. killed the animal. Clots found in pulmonary artery, and aorta 
extending into the common iliacs. 

(5) Nucleo-albumin prepared by Halliburton’s method ; dark rabbit ; 
22 c.c, killed the animal; clots found in both cavities on the right side of 
the heart ; left auricle ; all the venous trunks including the portal and also 
in the pulmonary artery and aorta. 

(6) Nucleo-albumin prepared by Wooldridge’s method. Dark rabbit. 
120 c.c. necessary to cause death. Clots found in right and left auricles ; 
right ventricle; all the large veins including the portal, and also on the 
pulmonary artery and aorta, — 

In all the above experiments sheep’s thyroids were used; from 10 to 12 
being employed in each case for the preparation of the material. 


What is the source of the thyroid nucleo-albumin? As 
nucleo-albumin is obtainable from a great many organs which are 
composed chiefly of cells, it becomes a question whether the nucleo- 
- albumin of the thyroid is derived from the cells lining the acini or from 
the colloid contents of the acini. - 

_ It was here that the recently introduced microchemical method of 
Lilienfeld and Monti? came to my assistance. This method has for 
its object the microscopic localization of phosphorus in the tissues. 


Stated briefly it consists in taking sections or teased portions of fresh 
tissues, soaking them in a solution of ammonium molybdate and subsequently 
reducing in a 20 per cent. solution of pyrogallic acid dissolved in water, or 
better in ether. The sections are then dehydrated, cleared, and mounted in 
Canada balsam in the usual way. The resulting colouration, yellow, brown 
or black according to its intensity indicates the presence of phosphorus. — 

As a slight modification I found it advantageous previous to transferring 
the sections to the ethereal pyrogallol solution, to wash them for a few 
seconds in a vessel of ether to which about a tenth of its bulk of water had 
been added. I have also found that fixing the tissues by a half per cent. 
solution of osmic acid, does not interfere with the subsequent treatment by 
Lilienfeld’s method. This also prevents the shrinkage, seen in alcohol 
hardened sections, which also I sometimes used. 


1 Zeit. physiol. Chem. xvi. p. 410, 1898. 
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Before proceeding to apply this method to the thyroid, I made with 
Professor Halliburton’s assistance a number of preliminary experi- 
ments with other tissues. In the case of the thymus, the cells were 
stained a brown colour, the nuclei a deeper tint; the corpuscles of 
Hassall were more deeply pigmented than the soni and the muscular 
coats of the small vessels stood out very prominently. In the case of 
cartilage, we confirmed the observation of Lilienfeld and Monti that 
the matrix remains uncoloured, the protoplasm of the cells is brown, and 
the nuclei dark brown to black. In the case of the umbilical cord, the 
contrast between the unstained mucinoid matrix and the connective 
tissue cells is very well brought out. 

In the thyroid the staining is just about equally intense in the — 
cells, and in the colloid matter they encircle, and presumably excrete. 
Both are dark yellow or brown. In the cells themselves there is little 
or no differentiation to be noticed between nuclei and cell-protoplasm. 

This does not appear to be due to lecithin, for the sia: is equally 
effective in alcohol hardened specimens. 

I append to this paper two drawings; one of thyroid, and to contrast 
with this, one of umbilical cord ; in both cases the sections were treated 
by the method described. : 

To sum up, the microscopic method of localizing phosphorus 
demonstrates that the nucleo-albumin obtained originates in large 
measure from the colloid matter of the acini and is not merely a 
product obtained from the cellular constituents of the organ. 

Does the thyroid yield other proteids? In attempting an 
answer to this question, I have adopted the methods of fractional heat 
- coagulation and saturation with salts. 

Extracts were made of thyroids with 5 per cent. solution of mag- 
nesium sulphate, and in performing experiments on heat congnigtion, 
the solution was kept faintly acid with acetic acid. 


The tales became opalescent at 50°C. a precipitate ieee out at 
53°—57°C. The filtrate from this was then kept at 57° for half-an-hour and 
another abundant flocculent precipitate formed and was removed by filtration. 
This second precipitate evidently consisted of the greater part of the proteid 
which had been partially precipitated before at the same temperature. 

The filtrate when heated now remained clear when raised to 57°C. but 
deposited small precipitates between 65° and 75°C. 


The first precipitate, that which comes down below 60°, was collected 
and subjected to gastric digestion. It left a residue of nuclein. 
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The second precipitate, that which fell at about 70°C., was also col- 
lected and subjected to gastric digestion. It left no residue of nuclein. 

The first precipitate therefore contains the nucleo-albumin; the 
second consists of albumin or globulin. 

Another portion of the extract was saturated with magnesium 
sulphate, and filtered. The filtrate was labelled A. The precipitate 
was washed with saturated solution of magnesium sulphate, and dis- 
solved by the addition of water. This solution, which was opalescent, 
was labelled B. A would contain albumin if any were present; a small 
quantity was found which coagulated about 70°C. corresponding with 
the second precipitate obtained by fractional heat coagulation in the 
original extract. The solution B would contain the globulins and 
nucleo-albumins. It coagulated at 57°C. and thus corresponded to the 
first precipitate obtained in the fractional coagulation of the original 
extract. It moreover contains nucleo-albumin, as it left a residue of 
-nuclein when subjected to gastric digestion. Whether it contains a 
globulin also it is difficult to say. Most cellular organs, as Halliburton 
has shown, yield a globulin (cell-globulin) which coagulates at about. 
50°C. In the present case however the temperature of heat-coagulation 
of the nucleo-albumin is lower than in other organs, and comes so 
close to the temperature of coagulation of cell-globulin, that if such a 
globulin is present, one cannot demonstrate its presence by the frac- 
tional heat-coagulation method. With regard to the albumin it must 
be added that the freer the tissue is from blood and lymph, the smaller 
is the quantity obtainable. If one rejects the first extract with 
5 per cent. magnesium sulphate solution, and extracts the residue (now 
practically freer from blood and lymph) with a fresh portion of the 
saine solution, it is found that for all practical purposes the only proteid 
it contains coagulates at 50°—57° C. 

Do these experiments throw any light on the question, to 
what does thyroid juice owe its curative effect in Myxcedema ?P 
This difficult question can only be answered at present in a very 
tentative manner. It has been demonstrated that the colloid matter in 
the interior of the vesicles ultimately finds its way via the lymphatics — 
into the blood stream. This internal secretion is absent in the diseases 
variously known as sporadic cretinism, cachexia strumipriva, and 
myxedema; and having adduced evidence that the colloid matter 
consists of or contains a nucleo-albumin, it is not altogether improbable 
that the nucleo-albumin is the active principle the deprivation of which 
causes the disease, and the administration of which cures it. 
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If this is so, the ultimate fate of the nucleo-albumin must still 
remain a question that requires an answer. It is not possible at 
present to say whether it is used as such for the nourishment by the 
tissues or whether it is first broken up and its nuclein liberated. 

Moreover the material which constitutes the active principle of the 
thyroid is not destroyed by the gastric juice, and nucleo-albumin fulfils 
this condition in so far at least as its nuclein part is concerned. 

The question might be more definitely answered if nuclein were 


actually tried in the treatment of myxcedema; and further it would — 


have to be shown whether or not thyroid nuclein differs in this respect 
from nuclein prepared from other sources. I have not myself had the 
opportunity of testing the matter, having only yet had one case of the 
disease under my own care, which was cured by thyroid feeding. To 
this I may add that testing the diffusibility of the thyroid juice by 
means of parchment-paper dialysers I found a distinct amount of 
proteid matter in the dialysate after twenty-four hours. Whether this 
has any bearing on its rapidity of absorption in the alimentary canal, 
one would not like to state definitely seeing that evidence has recently 
accumulated to show that absorption is a very different process from 
physical diffusion. 


Does the thyroid contain a ferment which dissolves mucin PP 


The term myxcedema was originally given to that disease, because it 
was believed that its chief feature was a swelling of the subcutaneous 
and other connective tissues, due to accumulation of its mucinoid 
stroma. It has, however, since been shown that the disordered meta- 
-bolism that follows cessation of the thyroid’s functions goes deeper 
than that, and that excess of mucin is by no means a constant accom- 
paniment of the disease. Moreover in those cases where there is more 
mucin than normal, the slight increase can be accounted for by the fact 
that in all young connective tissues there is a smaller proportion of the 
fibrous, and a larger proportion of the interfibrous material, than in the 
fully formed tissue. Nevertheless it was thought advisable to try 
whether the thyroid juice does contain a ferment that dissolves mucin, 
especially as the hypothesis of a ferment has been worked to explain 
the curative value of thyroid treatment. 

White and Davies’ have prepared from the thyroid a material 
which has curative value, and the method of preparation was that used 
for preparing ferments from other organs. An extract of thyroid was 


1 British Medical Journal, 1892, 1, p. 966, 
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made with equal parts of glycerine and water. The filtered fluid was 
then acidulated with phosphoric acid and calcium hydrate added until 
an alkaline reaction was obtained. The resulting precipitate was 
filtered off as quickly as possible, washed and dried over sulphuric acid. 
The white powder so obtained is the curative agent in question. The 
fact that this has been used with clinical success does not however as 
Mr White admits prove the ferment hypothesis. _ 

Having prepared the substance by this method, I obtained a supply 
of mucin from umbilical cords. The mucin was extracted by means of 
dilute baryta water, and then precipitated by acetic acid from this 
solution. This was subjected in test tubes kept at the temperature of 
_ the body to the action of fresh thyroid juice, and in other cases to that 
of the supposed ferment preparation. But the results obtained were 
wholly negative. In no case was any change observable in the a. 
or in its solubilities. 

Summary. The general results of the experiments described in 
this section are as follows : 

1. The thyroid does not contain or yield any peptone or proteose. 

2. Its secretion is not mucin, as it yields no reducing sugar on 
treatment with dilute mineral acid. : 

3. The only proteid that can be obtained in any y quantity from it is 
a nucleo-albumin. 

4. This is derived, at any rate partly, from the so-called colloid 
matter in the acini, as the microchemical method of Lilienfeld and 
Monti for the localization of phosphorus shows that it contains phos- 
phorus. 

5. Experiments which had for their object the finding of a ferment 
in the thyroid that dissolves mucin led to negative results: and it is 
suggested with all reserve that the nucleo-albumin is the material to 
which the thyroid treatment of myxcedema owes its usefulness. 

6. Thyroid nucleo-albumin causes intravascular coagulation. 


Part II. THe PROTEIDS OF THE SPLEEN. 


This organ like the thyroid is alkaline when fresh, but both turn 
acid like other cellular organs after removal from the body. « 

The presence of blood and blood corpuscles in the spleen rendered 
it highly probable that the results would be very similar to those 
previously obtained with blood and lymphoid structures; and this 
supposition was confirmed when put to the test of experiment. It will 
therefore be easy to dismiss the matter in very few words. 
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Fractional heat coagulation, and saturation with salts, showed that 
the proteids are coagulated at various temperatures; saturation of 
extracts with magnesium sulphate — the proteids into two 
classes : 

_ @ Those precipitable by magnesium sulphate ; these belong to the 
globulin and nucleo-albumin classes. 

b. Those not precipitable by magnesium sulphate ; these belong to 
the class of the albumins. : 

The quantity of albumin is small, and is doubtless i in large measure 
derived from the blood and lymph. The quantity of globulin coagulat- 
ing above 70°C. is also small, and doubtless has a similar origin. 
Neglecting these the following table gives succinctly the chief facts in 
relation to the proteids which coagulate below 70° and which are 
probably derived from the corpuscular elements of the organ. 

For the sake of comparison I have included the results similarly 
obtained from the thyroid, and those obtained by Halliburton’ from 
the kidney. 


Organ First precipitate Second precipitate 
Spleen A globulin; coagulates at A nucleo-albumin ; coagulates 
of 49°-50° Precipitated by at 57°-60°C. Precipitated by 
. Sheep. magnesium sulphate; leaves | magnesium sulphate ; leaves a 
. no residue on gastric diges- residue of nuclein on gastric 
tion. | digestion. 
Thyroid. A nucleo-albumin ; coagu- Mere traces; probably due 
lates at 50°-57%.  Precipi- to admixture vith and 
tated by magnesium sulphate ; blood. 
leaves a residue of nuclein on 
gastric digestion. Whether 
this precipitate contains a 
globulin also was not deter- — 
mined. 
Kidney. _ A globulin; coagulates at A nucleo-albumin ; coagulates 
, 50°-53° C. Precipitated by at 57°-60° C. Precipitated by 
magnesium sulphate ; leaves magnesium sulphate; leaves a 
practically no residue on residue of nuclein on gastric 
gastric digestion. digestion, 


1 This Journal, Vol. xm. p. 806, 1893. 
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To this it may be added that the ssllnacathemnin can be iia 
by either Wooldridge’s or Halliburton’s methods, and when dis- 
solved in dilute solution of sodium carbonate, produces when injected 
intravenously in rabbits extensive intravascular clotting, — kills the - 
animal. 

Another point of ‘ansborhariti in connection with the spleen relates 
to whether or not proteoses or peptones are obtainable from it. This is 

_ important because Sidney Martin! found that the proteoses of diseases 
(diphtheria, tetanus, etc.) accumulate in the spleen; v. Jaksch* having 
stated that the normal spleen contains ‘peptone,’ a term he uses to 
include the proteoses, it became especially necessary to investigate this 
point, and if ‘peptone’ is found to ascertain how it differs in its physio- 
logical action from the specific proteoses of the diseases alluded to. | 

Fresh spleen however contains neither peptone nor proteose. 

The spleens of cats, sheep, rabbits and pigs’ were used. In some 
cases I used (with entirely negative results) Devoto’s modification of 
the ammonium sulphate method which I have already described in con- 

H nection with the thyroid. In other cases the finely divided spleens were 

i placed under absolute alcohol for some months; they were then dried 

= ~ and extracted with water. The proteids were entirely coagulated, and 
no trace of proteose or peptone went into solution. If, however, the 
spleens were not perfectly fresh, if for instance they were obtained from 
the butcher’s shop, small quantities of proteose were always found. - 
This doubtless arises post mortem by a process of —— or 
putrefaction from the cellular elements of the organ. 

I also took the precaution to use the spleens from seateaiie healthy 
animals. It is possible that if v. Jaksch did not take these precautions 
(viz. to have the spleens perfectly fresh and healthy) his results would 
be thereby explained. 

The fact that after some months’.contact with alcohol, the proteids 
were rendered entirely insoluble in water leads me in conclusion to 
make one further remark. Alex. Schmidt and his pupils have 
recently described a substance which they term cytoglobin. This is 
obtainable from various organs, among others from the spleen. This 
material is obtained by making aqueous extracts of the organ which has 
been treated by alcohol. Injected intravenously it has an action in 


1. Goulstonian Lectures, Brit. Med. Journal, March, 1892. 
2 Zeitsch. physiol. Chem. xvi. p. 243, 1892. 


* For many of these in a perfectly fresh condition I am indebted to Dr Sidney ~ 
Martin. 
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inhibiting coagulative changes in the blood. I would suggest that here 
he is dealing with one of two substances either the proteose which is 
formed by post-mortem changes, or with some of the nucleo-albumin 
which was not coagulated by sufficiently long exposure to the alcohol, 
and which may exhibit what Wooldridge termed the negative phase 
of coagulation; i.e. instead of accelerating it shows the coagulation 
process. 


Summary. The general results of the experiments described in 


this section are as follows: 7 

1. Fresh spleen like thyroid is alkaline ; post-mortem it turns acid. 

2. Fresh spleen contains neither peptone nor proteose. Post-mortem 
proteose appears. 

3. The proteids which can be sactrclel from fresh spleen resemble 
those found in lymphoid structures. 

4. The most important of these are a globulin coagulating at 
49°—50°C.; and a nucleo-albumin coagulating at 57°—60° C. 

_ 5. The nucleo-albumin can be prepared either by Wooldridge’s 
or Halliburton’s methods; and like that similarly obtained from other 
cellular organs produces when injected into the circulation of rabbits 
intravascular coagulation. 


DESCRIPTION OF FIGURES. PLATE II. 


Fig. 1. Section of umbilical cord, treated by Lilienfeld’s and Monti’s 
microchemical method for the localization of phosphorus, described in the 
text. 

Fig. 2. Section of fresh ox thyroid, similarly treated. 


Nov, 12, 1893. 
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THE PULMONARY CIRCULATION. By JOHN ROSE 
BRADFORD, M.D., D.Sc. (London), ano HENRY PERCY 
DEAN, MS., BSc. (London), F.R.C.S. (Plates III—VI.) 


(From the Physiological Laboratory of University College, London.)' 


Ir has been a question amongst physiologists for many years as to 
whether the vessels of the mammalian lung were innervated at all, or 
if they were, as to whether these vaso-motor nerves were connected in 
the same way with the vaso motor centre as the systemic vascular 
nerves are. Up to the present time, the existing experimental evidence 
on this subject has been very differently interpreted, the majority of 
experimenters failing to establish clearly and beyond dispute the 
existence of special pulmonary vaso-motor nerves. In fact some 
physiologists have even considered it probable that no vaso-constrictor 
mechanism existed, but that possibly there might be vaso-dilatator 
fibres, although such an idea as this is rather opposed to the funda- 
mental conception of a circulation, which necessitates the existence of 
a central pump and of a peripheral resistance capable of undergoing 
variations in amount. 5 

For these reasons amongst others we thought that possibly a fresh 
method might be successful in determining whether the lung vessels 
were or were not supplied with vaso-motor nerves. This paper 
detailing our work on the subject will be divided into the a 
sections. 


I. History. 
Method. 
III. The normal pulmonary blood pressure. 
IV. Variations in the blood pressure of the pulmonary artery 
dependent upon alterations in the systemic blood pressure. 


1 A large portion of this work was carried out by us some four years ago whilst one of 
us (J. R. B.) was the George Henry Lewes Student, and a short abstract was published in 


the Proceedings of the Royal Society, 1889. Pressure of other work has unfortunately 
the full publication. 
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‘V. Variations in the blood pressure of the pulmonary vein 
- accompanying alterations in the systemic blood pressure. 
VI. Influence exerted by the movements of respiration on the 
pulmonary blood pressure. 
VII. Evidence of the existence and course of the pulmonary vaso- 
| constrictor fibres. 
VIII. Influence exerted upon the eilasabary blood pressure by 
reflex excitation of the vaso-motor centre. 
IX. Influence exerted by mss upon the pulmonary circu- 
lation. 
X. Influence of certain drugs on the pulmonary circulation. 
XI. Relations existing between the pulmonary and systemic 
circulations and conclusions. 


I. History. 


_ Until the year 1871 it was almost universally taught by physio- 
 logists that the pulmonary vessels did not possess any vaso-motor 
system. In that year Brown-Séquard’ published some experiments 
pointing to the existence of such a system. By crushing and section of 
certain parts of the central nervous system, especially the pons Varolii 
and the medulla oblongata, ecchymoses in the lungs were caused and 
these were ascribed by Brown-Séquard to interference with the 
vaso-motor nervous supply. Further, some parts of the lungs were 
found to be perfectly pale, “a spasm of the blood vessels having 
emptied them of their contents.” These changes were found to be 
quite independent of any alteration in the mechanical conditions of the 
lungs; they occurred equally well whether the lungs were distended or 
collapsed. After section of both vagi, these effects could be produced 
just as easily as before, but after section of the spinal cord in the 
cervical region these vascular changes could no longer be obtained. 

From the experience of numerous experiments Brown- Séquard 
concluded : 

1. That the vaso-motor nerves of the lungs did not pass to these 
organs with the fibres of the vagus but through the cervical spinal 
cord and first thoracic ganglion. | 

2. That the vaso-motor fibres of the heart and lungs arise, not 


from the medulla oblongata as is generally supposed, wae higher up 
from the pons Varolii and parts above it. 


. Brown-Héquard. Lancet, 1871. Comptes Rendus de la Société de Biologie, 1872. 
| 3—2 
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In 1879 under Arloing’s direction Morel’ showed that by stimu- 
lating the abdominal organs either mechanically or electrically a 
considerable increase in the blood pressure of the pulmonary artery 


was caused, even after division of both vagi. Morel concluded that 


the fibres ran in the sympathetic system. His experiments however 
are open to a very serious objection. The pressure in the pulmonary 
artery alone was observed and thus any passive influence that might be 
exerted on the pulmonary system by marked changes in the systemic 


_ blood pressure was neglected. 


Frangois-Franck* commenced his research with the assumption 
that the stimulation of any vaso-constrictor fibres passing to the lungs 
would cause an increase in the blood pressure of the right ventricle. 
The ventricular pressure was registered by means of a cardiac sound 
similar to that used by Chauveau and Marey. Atropine was given 
to destroy the cardiac action of the vagi. No evidence could be 
obtained of any vaso-motor nerves passing along the vagi. In another 
series of experiments a trocar was thrust obliquely into the pulmonary 
artery and the pressure recorded. The lungs were then exposed and 
carefully watched while the vagi were stimulated. No — could be 
observed. | 

‘In trying the effects of the inhalation of irritating gases into the 
lungs, Frangois-Franck came to the conclusion that a contraction of 
the pulmonary vessels did occur, brought about partly by reflex and 
partly by direct local stimulation of vaso-motor nerves. We have 
already seen that Francois-Franck could get no evidence of the exist- 
ence of vaso-motor nerves in the vagi and therefore he concluded that 
the nerves probably reached the lungs through the sympathetic system. 

Badoud? found that by stimulation of the cervical spinal cord the 
blood pressure in the pulmonary artery was raised as well as in the 
carotid, and he concluded from this fact that the pulmonary vessels 
contracted like the systemic. It is obvious however that an increase 
in the systemic blood pressure might cause an increase in the 
pulmonary blood pressure in a purely mechanical way. 

- Lichtheim‘, seeing this serious source of error in Badoud’s 


1 Morel. Pathogénie des lésions du ceur droit, These de Lyons, 1879. 

? Francois-Franck. Comptes Rendus Soc. de Biol. 1880. 

* Badoud. Ueber den Einfluss des Hirns auf den Blutdruck in den Lungenarterie. 
Wiirzburg, 1874. 


*Lichtheim. Die Stérungen des Lungenkreislaufs und ihr Einfluss auf den Blut- 
druck. Breslau, 1876. 
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work, endeavoured to obtain a rise in the pulmonary pressure without 
any simultaneous rise in the carotid pressure. This was obtained by 
ligaturing the aorta and stopping the artificial respiration ; the systemic 
pressure did not rise at all, but the pulmonary pressure rose just as 
much as when the aorta was not ligatured. 

Lichtheim further observed that in asphyxia a rise of blood 
pressure may occur in the pulmonary artery unaccompanied by any rise 


in the aorta, and from these facts he concluded that there were 7 


pulmonary vaso-motor fibres. 

Openchowski’, working under Ludwig’s direction, came to a 
similar conclusion. 

Augustus Waller’ by taking the pressure in the left auricle and 
stimulating the cervical spinal cord could obtain no evidence of any 
vaso-motor action. 

V. Henriques?’ from a series of experiments on dogs, rabbits and 
cats came to the conclusion that the vagi both in dogs and rabbits 
contain vaso-dilatator fibres passing to the lung vessels and that in the 
cat the vagi contained vaso-constrictor fibres passing to the lungs. In 
this conclusion this observer's work is remarkable as both the earlier 
and later workers at this subject have agreed that at any rate the 
vagus did not contain pulmonary vaso-motor fibres. 


II. 


In our experiments medium sized dogs weighing from 15 lbs. to 
20 lbs. were generally used; occasionally the dogs were somewhat 
larger and heavier. The animals were anaesthetized with chloroform 
and then a dose of about a grain of acetate of morphia was given 
hypodermically. In this way, as is well known, a very perfect anaesthe- 
sia is produced. The necessary operations were then carried out and 
when completed the animal was curarized, as small a dose of curare 
as possible being used, and artificial respiration was carried on in the 
usual manner. The air pumped by the artificial respiration apparatus 
was warmed by passing through a worm surrounded by boiling water 
and then passed through a chloroform bottle interposed between the 
warming apparatus and the dog. In many experiments curare was 


1 Openchowski. Pfliiger’s Archiv, Vol. xxvu. 1882. 
2 Waller. Du Bois-Reymond’s Archiv, 1878. 
3’ Henriques. Skandinav. Archiv fiir Physiologie, 1892, 
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not used, i.e. in some of the experiments on the action of drugs and in 
those on the influence of the respiratory movements on the pulmonary 
blood pressure. In all cases however artificial respiration was necessary 
owing to the thorax having been opened to expose the pulmonary 
artery. | 

The principle of the method employed by us was to observe 
simultaneously the blood pressure in the carotid and pulmonary 
arteries. Mercurial manometers were used for both vessels and the 
carotid artery of one side was prepared and connected to the manometer 
in the usual manner. The pulmonary artery was reached as follows. — 
The branch of the artery distributed to the lower lobe of the left lung 
was selected by us because this artery is sufficiently long for the 
necessary manipulations and because the vessel can be reached com- 
paratively easily from the back and without any greater disturbance of 
the thoracic contents than opening one pleural cavity, throwing this 
lower lobe of the left lung out of action by the ligature of its main 
artery. In order to expose the artery here, two or occasionally three 
ribs require to be resected, the apex of the lower lobe of the lung is 
then seized and the artery prepared in the usual manner, except that 
from the thinness of its coats more care is necessary than in the case 
of such a vessel as the carotid. If the artery is not readily seen, the 
bronchus can be seized with catch forceps and dragged up to the level © 
of the wound in the chest wall, when the artery will be readily detected 
just above the bronchus. The artery is ligatured as distally as possible 
and the ligature cut long so as to leave a thread by means of which 
the vessel can be pulled up to the level of the wound in the chest wall. 
A small clip is then placed on the vessel as centrally as possible, and 
the cannula tied in. To ensure success it is essential to damage the 
vessel as little as possible, since if clotting occurs inside the vessel the 
experiment is usually a failure, the removal of the first clot being — 
rapidly followed by the formation of a second and so on. Generally 
the connection of the pulmonary artery with the manometer was made 
last, so as to avoid the risk of clotting as much as possible. A half 
saturated solution of sodium sulphate was used in the pressure bottles 
connected to the manometers. The two manometers recorded the 
blood pressure on the same blackened surface on which a time tracing 
and a lever marking the moment and duration of any nerve excitation 
were also arranged. | 

In the experiments involving the spinal nerve roots the preparation 
was made in the same manner as that described by one of us in a 
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former communication to this Journal’. That is to say, the nerves 
were exposed inside the spinal canal by the removal of the neural 
arches and excited externally to the dura mater after ligature and 
division centrally to the point excited. In this way, as pointed out 
previously, ‘a comparatively long length of tough nerve is available for 
excitation, but of course anterior and posterior roots are both excited 
together*. This however is a point of comparatively small importance, 
since it is very doubtful whether any efferent vaso-motor fibres capable 
of responding to ordinary methods of excitation run in the posterior 
roots®, 

The advantage of having a comparatively long piece of nerve 
available for excitation mure than counterbalances the above drawbacks, 
since excitation of the actual separate roots inside the dura mater, is 
both difficult owing to their tenuity, and uncertain owing to the 
difficulty of preventing the exciting current from spreading to the cord 
and so producing reflex results. As a general rule two or three nerves 
were exposed in each experiment, as it is not advisable to expose a 
greater length of the spinal cord. The upper dorsal nerves (a series 
extending from the second to the seventh dorsal) were the nerves most 
frequently excited. The operative difficulties however are eased 
‘greater with the highest nerves. 

In these as in all experiments on the vaso-motor system, it is 
essential to work with the smallest effective dose of curare, owing to 
the well-known paralysing action of as drag on the vaso-motor 
apparatus, 

In the observations on the effects of siantlalion of the-nerve roots 
on the pulmonary circulation, the nerve roots of the right side were 
the ones excited, whereas the pulmonary blood pressure trace was 
obtained from a branch of the left division of the main artery ; hence it 
is not surprising that some of the variations of pressure observed are 
small, Any alteration of calibre produced by the excitation in the 
vessels of the right lung would only indirectly affect the pressure in 
the vessel connected to the manometer. Notwithstanding this dis- 
advantage it did not seem to us that any other method was adapted to 
investigate the action of individual spinal nerves on the pulmonary 


1 « Tnnervation of Renal Blood-vessels.” This Journal, Vol. x. p. 358, 1889. 

2 It is of course understood that inasmuch as the nerve is divided proximally to the 
point excited, no reflex excitation is possible. 

* Stricker. Sitz. der k, Acad. der Wissensch. 1876, Wien. See also Centralblatt 
Physiologie, 1889. 
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blood pressure. In Section VII. of this paper we detail the results of 
these excitations and it is from these experiments that the most definite — 
evidence of the existence and course of pulmonary vaso-motor nerves is 
derived, but previously to discussing them we give ia the following 
sections the results of other more general experiments on the variations 
in the pulmonary blood pressure as an introduction to the whole 


question. 


III. THE NORMAL BLOOD PRESSURE IN THE PULMONARY ARTERY. 


The blood pressure in the pulmonary artery is on the whole 
remarkably constant and in the branch of the artery used by us 
amounts usually to some 20 to 25mm. Hg. Occasionally the pressure 
has risen as high as 30 mm. Hg. and not infrequently it has fallen as 
low as 15 mm. Hg. or even 14mm. Hg. A pressure however of some 


20 mm. Hg. is the usual pressure in this branch of the artery previously 


to the excitation of nerves, etc. The pulmonary pressure does not vary 
in amount to the same relative extent that the aortic pressure does, as 
will be seen in detail below. Very great oscillations of pressure may 
occur in the systemic system with little or no alteration of pressure in 
the pulmonary artery. Hence the pulmonary blood pressure trace is a 
remarkably even and constant one, notwithstanding the fact that the 
oscillations of pressure produced by the respiratory movements natural 
or artificial are very considerable in amount. As a general rule it may 
be said that causes which lead to a marked rise or fall of the systemic | 
pressure influence the pulmonary blood in the same direction, although 
not to the same relative extent; hence there is normally a ‘certain 
relationship between the heights of the systemic and pulmonary blood 
pressures. This however is far from constant owing to the fact that the 
systemic pressure varies within such wide limits in different animals, 
the pulmonary pressure not being so variable. Usually the pulmonary 
pressure in the branch of the artery used by us is approximately 
one-fifth of the aortic pressure, the aortic pressure in these experiments 
being low on account of the operative procedures, anaesthetics, etc. 
No doubt normally the pressure in the pulmonary artery is slightly 
higher than the limits given above, but the aortic pressure in our 
experiments was usually abnormally low, and we have no experimental 
evidence to show whether shock affects the one circulation more than 
the other. It is however not improbable that shock causes a greater 
relative fall of pressure in the systemic vessels. 
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IV. VARIATIONS IN THE BLOOD PRESSURE OF THE PULMONARY 
ARTERY DEPENDENT ON ALTERATIONS IN THE SYSTEMIC BLOOD 


Before the existence of vaso-motor fibres for the pulmonary vessels 
can be admitted it is necessary to be certain that the pulmonary effects 
_ observed to follow a given excitation are not dependent simply on 
changes produced in the systemic vessels and affecting the lung vessels 
passively. In order to study the influence of changes in the systemic 
pressure on the pulmonary circulation, we will consider the results of a 
given rise of aortic pressure on the blood pressure in the pulmonary 
artery when from the mode of production of the systemic rise it is clear 
that the lung circulation can only be affected in a passive and mechanical 
mauner, In other words, in these cases the pulmonary circulation is 
only affected either by a transmission back (i.e. through the heart 
cavities) of the altered aortic blood pressure or else by an increased 
Input into the right side of the heart dependent upon the increased 
aortic blood pressure or else by both of these effects together. 

We have used the three following methods to produce these more 
or less passive effects on the pulmonary circulation. 

(A) Compression of the thoracic aorta. 

(B) . Excitation of the peripheral end of the divided splanchnic. 

(C) Excitation of the lower end of the _— cont divided in the 

mid-dorsal region. 


(A) Compression of the thoracic aorta. 


By the introduction of the finger through the wound made to 
expose the pulmonary artery, it is quite easy to thoroughly compress 
the thoracic aorta at about the middle of its course through the thorax. 
By this means the aortic pressure is of course suddenly and greatly 
raised at the moment the compression is applied. Provided that the 
vagi have been previously divided, the aortic pressure remains at this 
higher Jevel during the whole time that the finger is kept on the artery, — 
i.e. for periods varying from 10” to 30”. On removing the finger the © 
pressure falls to a level below that at which it previously stood and 
then rises slowly to regain its initial height. The rise of pressure 
in the pulmonary artery is not so great relatively as the aortic rise and 
indeed unless the aortic pressure be kept up at the higher level for 
some 20” to 30” there is practically no effect produced on the pulmonary 
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blood pressure. Thus to quote one of several experiments when the 
finger was kept on the aorta for 10”, there was no rise of pressure in the 
pulmonary artery, although the aortic pressure rose from 104 mm. Hg. 
to 169 mm. Hg. That is to say, a rise amounting to some two-thirds 
of the original pressure occurred in the aortic system without any 
appreciable rise being detected in the pulmonary system, and a rise of 
only one millimeter could have been readily detected if it had: occurred. 
When however the compression of the aorta is maintained for a longer 
period then a marked rise in the pulmonary blood pressure is produced. 
The pulmonary rise of pressure however is not only always relatively 
less than the aortic rise but it is not entirely proportional to the latter. 
Thus in two cases where the compression was maintained for 30” the 
changes produced in the pulmonary pressure were by no means equal, 
although there was no very great difference in the amounts of the 
accompanying aortic rises. In the one of these cases the aortic pressure 
rose from 90mm. Hg. to 185mm. Hg. The accompanying pulmonary 
rise was considerable being 6 mm. Hg., a rise from an initial pressure of 
24 mm. Hg. to a pressure of 30mm. Hg. In the second case the aortic 
pressure rose from 71 mm. Hg. to 128mm, Hg. but the synchronous 
pulmonary rise was but 3 mm. Hg. 

In the first case, quoted because it shows the greatest pulmonary 
rise following compression of the aorta observed by us, the actual rise 
was but one-fourth of the pre-existing blood pressure in the pulmonary 
artery whereas the accompanying aortic rise was one half of its previous 
amount. What however is so striking in these observations is that 
a very great rise of aortic Pressure may occur and provided that is of 
short duration then there is practically no appreciable rise of pressure 
in the pulmonary artery. 

It is not surprising that the great obstruction produced tis the aortic 
compression should lead ultimately to a marked rise of pulmonary 
pressure ; one might @ prior have expected the pulmonary rise to have 
been greater than actual observation shows it to be. The mechanism 
through which the pulmonary pressure is raised is probably a simple 
_transmission of the increased pressure produced in the aorta backwards 
through the cavities of the heart. Compression of the thoracic aorta is 
doubtless the method by which the greatest “back effect” of a given 
rise of systemic pressure can be produced since a direct impediment 
is placed to the emptying of the left ventricle’. 


1 Vide McWilliam. Proc. Roy. Soc. Vol. xx1v. 1888. 
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PULMONARY CIRCULATION. 
(B.) Eacitation of the peripheral end of the divided splanchnic. 

Tbe rise of systemic blood pressure following excitation of one of — 
these nerves is generally very great in amount, not infrequently the 
blood pressure is doubled in height even with excitations of only 
moderate intensity. The rise of pressure is more gradual than that 
produced by compression of the aorta and the fall of pressure is also 
gradual, so that usually the aortic pressure is raised for a longer time 
than in the observations described in the last section. The results 
produced on the pulmonary blood pressure by these great rises in | 
systemic pressure are usually comparatively small. The aortic pressure 
can undergo a great rise without the accompanying effect on the pulmonary 
blood pressure being anything but small both absolutely and relatively. 
Thus to quote one of many experiments, the aortic pressure rose from 
50 mm. Hg. to 104mm. Hg. during the excitation of one splanchnic. 
The pressure in the pulmonary artery rose from 13mm. Hg. to 
16 mm. Hg. That is to say the systemic pressure was rather more 
than doubled, whereas the rise in the pulmonary pressure was but one- 
fourth of its previous height. A rise of systemic pressure brought — 
about in this manner produces its effects on the pulmonary circulation 
in @ more complicated manner than when the rise of pressure is 
produced by simple compression of the thoracic aorta. There is not 
only a “back effect” transmitted from the aorta through the heart 
cavities to the vessels of the lung, but it is possible that the heightened 
systemic blood pressure might lead to an increased influx of blood into 
the right auricle. This influx being dependent on more blood being 
driven by the increased aortic pressure through the vascular areas not 
affected by the constriction produced on excitation of the splanchnic. — 
Theoretically this might occur if the dilatation occurring for instance in 
the limb vessels was not equal in amount to the constriction produced 
in the visceral vessels. That is to say if the rise of pressure was great, 
i.e. if the visceral constriction was great and the compensating dilata- 
tion in other areas was not so great su that the aortic blood pressure 
remained high notwithstanding the compensating dilatation, it is . 
conceivable that under these circumstances there might be an increased 
influx of blood to the right side of the heart. On the other hand it 
is difficult to understand how the increased flow through the non- 
constricted area can do more than neutralize the diminished flow 
through the constricted area unless there is an increased amount of 
force produced somewhere in the vascular system, e.g. an increase in 
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the activity of the heart produced for instance by the increased — 
peripheral resistance. If the force effecting the circulation remains 
constant, it is clear that with a constriction produced in one area there 
will be a corresponding increased flow through other and dilated areas 
leading probably to an exact compensation. If on the other hand the 
local constriction lead to an actual increase in the force available for 
effecting the circulation it is possible that the persistent rise of blood 
pressure might lead to an increased cardiac influx. 

When a given constriction takes place in the arterial aie if there 
were no back effect leading ultimately to venous distension, it is obvious 
that an arterial dilatation exactly equal to the arterial constriction 
must occur scmewhere if the blood pressure is to regain its former 
height notwithstanding the persistence of the constriction, and this 
no doubt is what occurs when the area constricted is a small one. If 
the area constricted is a large one and the blood does not accumulate 
in the venous system it is equally clear that the same phenomena must 
occur. If however the blood pressure remains persistently higher it 
shows that the dilatation was not equal and opposite, and thus under 
_ these conditions there is an increase in the force available for carrying 
on the circulation. This however is all on the assumption that the 
heart receives and ejects an equal amount of blood under these changed © 
conditions, and that no change occurs in the venous system. In other 
words, it assumes that room has to be found in the rest of the arterial 
system for the blood that cannot get into the constricted areas and it 
ignores the venous system and the effects of the increased systemic 
pressure transmitted back through the cavities of the heart mentioned 
in the previous section of this paper. Hence we see that even if a given 
arterial constriction tends to cause an increased flow towards the heart 
yet this effect may be diminished or neutralized by the transmitted 
“back effect.” If the vascular area affected is a small one, no doubt 
_ what may be called the arterial or “forward effect” will be the more 
obvious, if on the other hand a very large area is constricted we shall © 
observe the “ back” or venous effect at its maximum. 

It will be readily seen that the pulmonary vessels will in both cases 
have to bear the brunt of any increased arterial tension, since the 
forward or arterial effect may alter the input of blood into the right 
auricle and the “back effect” will tend to dam up the blood in the 
pulmonary vein; hence both effects will lead to a rise of pressure in 
the pulmonary artery, yet in a case where both effects ought to be 
produced, i.e. the excitation of the divided splanchnic, the rise of 
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pressure in the pulmonary artery although marked is not very large 
and is not greater than that produced by compression of the thoracic 
aorta. We must then we think conclude that at any rate the most 
important results of a given systemic constriction is the so-called back 
effect which leads ultimately to venous accumulation. The extent of 
this back effect will depend largely upon the functional activity of the 
muscles of the left ventricle and upon the efficient closure of the mitral 
orifice. So long as the aortic blood pressure is not too great for these 
to cope with, no marked back effect will be transmitted to the lung 
vessels, but as soon as the left ventricle begins to fail, e.g. by distension 
for instance, then the full back effect will be seen in the lung vessels. 
_ Hence the rise in the pulmonary blood pressure dependent on the 
visceral constriction produced by excitation of the splanchnic is to be 
looked upon rather as a transmitted back effect than as due to an 
increased flow of blood to the right side of the heart; this increased 
flow if present being in turn dependent on passive arterial dilatation in 
other areas (than those affected by the splanchnic) providing the 
* ways, ” and the active arterial constriction providing the “means” by 
raising the general blood pressure. 

We may sum up the facts by saying that as song as the systemic 
blood pressure remains above its initial height as a result of nerve 
excitation, so long is it possible for an increased input of blood into the 
heart to occur provided that the constriction is local and that there are 
no back effects, but as soon as these back effects manifest themselves 
then they preponderate and lead to accumulation of blood in the 
pulmonary vessels and ultimately in the venous system. 

That the above explanation is valid, and that under ordinary 
circumstances the so-called forward effects are slight, is shown by an 
effect occasionally seen to follow excitation of the divided splanchnic. 
Sometimes at the moment that the exciting electrodes are removed 
a notable fall of the systemic blood pressure occurs, described shortly 

by one of us in a former paper’. This fall of blood pressure is dependent 
on the constriction of the abdominal vessels produced by the excitation 
of the 2 splanchnic being replaced by a sudden and considerable dilatation 
analogous to the “surdilatation” of Dastre and Morat. It is however 
_ probable that this dilatation for reasons adduced by one of us in the 
above paper is really dependent on the existence of vaso-dilatator 
nerves in the splanchnic. Whether the fall of aortic pressure is due 


1 ¢¢Tnnervation of the Renal Blood-vessels.” This Journal, Vol. x. p. 358, 1889. 
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to the excitation of these dilatator fibres or whether it is due to the 
sudden exhaustion of vaso-constrictor fibres is immaterial as regards 
the present matter, i.e. the effects of this sudden systemic dilatation 
on the pulmonary circulation. 

The sudden but persistent fall in aortic pressure is accompanied by 
a very sudden and transitory rise of pressure in the pulmonary artery 
followed by a fall synchronous with the latter part of the aortic fall. 
Under these circumstances there i$ possibly for a short time an increased 
input into the right side of the heart, owing to the high blood pressure 
driving a quantity of blood through the vessels of the abdominal area. 
This flow is permitted by the sudden relaxation of the constriction ; soon 
however the abdominal dilatation produces its effect, i.e, a notable fall 
of general blood pressure, and thus the propelling force being diminished 
the increased input into the heart ceases and the persistent abdominal 
dilatation drawing blood into these abdominal vessels necessarily leads 
to a fall in pulmonary blood pressure. The conditions in the aortic 
system are only momentarily favourable for an increased input of blood 
to the right side and we find that the pulmonary rise is but of short 
duration, 

These are the principal results produced on the pulmonary cir- 
culation by excitation of the splanchnic nerve, and we see that the 
changes in the pulmonary blood pressure are but small when we consider 
the magnitude of the systemic effects even when the conditions are 
most favourable for the production of maximum effects either directly 
or indirectly. 


(C.) Excitation of the lower end of the spinal cord divided 
an the mid-dorsal region. 


In the. case of compression of the thoracic aorta we placed a direct 
impediment to the emptying of the left ventricle; with excitation of 
one splanchnic there is as discussed above, not only an impediment to 
the circulation as in the former case, but there is also the question as 
to whether the heightened tension does or does not cause an increased 
input of blood into the heart. On excitation of the divided spinal cord 
we have a rather different series of phenomena to consider, since now 
a great many more systemic vessels are directly constricted than in the 
case of the excitation of one splanchnic. 

In these experiments the spinal cord was divided as a rule at the 
level of the 7th dorsal nerve for reasons which will be given below, and 
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the lower end of the cord was excited, care being taken to prevent any 
spreading of the exciting current to the central end of the spinal cord. 
The area of vessels affected by this excitation is a very large one as it 
includes at least nearly all the abdominal vessels, the vessels of the 
hind limbs and to a certain extent the vessels of the fore limbs’. The 
abdominal area however is by far the most important not only on 
account of its great vascularity, but also owing to the fact that these 
vessels are probably exceptionally well su — with vaso-constrictor 
fibres. 

When the lower end of the spinal cord is excited at the level of the 
7th dorsal nerve, the aortic blood pressure undergoes an enormous rise. 
The actual rise however is largely dependent on the height of the blood 
pressure previously to the excitation. The effect on the pulmonary 
blood pressure is generally remarkably small and not at all infrequently 
scarcely any appreciable effect is produced. In one experiment selected 
from many because it is an extreme one, the aortic pressure rose from 
52mm. Hg. to 232mm. Hg., in other words the aortic pressure was 
quadrupled as a result of the excitation. The pulmonary blood 
pressure rose from 20 to 26 mm. Hg., that is to say the rise was rather 
less than one-third of the initial height. In this instance the rise of 
pressure in the pulmonary artery was far greater than that observed in 
other similar experiments. Very frequently there is no rise of pressure 
in the pulmonary artery, notwithstanding a great rise in the aortic 
pressure; the most usual result however is a rise of some 2 or 3mm. 
Hg. in the pulmonary blood pressure with a synchronous and enormous | 
aortic rise as the following experiment amongst many others shows. 
The lower end of the cord was excited for 40” and the aortic pressure 
rose from 56 mm. Hg. to 208 mm. Hg., the pulmonary pressure rose from 
17mm. Hg. to 19mm. Hg., a maximum rise of two millimeters of 
mercury. In this case the rise of aortic pressure was rather more 
gradual in its course than in the first experiment quoted above, which 
it must be remembered is the only one where so great a pulmonary rise 
as 6 mm. Hg. has been-observed. Hence we see that the effects on the 
pulmonary blood pressure following a rise of aortic pressure produced 
-in this manner are neither so constant nor so marked in amount as 
when the aortic rise is brought about by excitation of the peripheral 


1 The vessels of the limbs of the dog derive their nerve supply from the following roots 
as determined from observations by Mr Bayliss and one of us (J. R. B.): the fore. limb 
from the 3rd dorsal to the 11th dorsal, the hind limb from the 11th dorsal to the ord 
lumbar inclusive. 
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end of the divided splanchnic. When the lower end of the divided 
spinal cord is excited, the rise of pressure in the pulmonary artery is no 
doubt dependent on a “back effect” through the heart cavities, since the 
vascular area constricted is large, and the rise in aortic pressure is 
usually so great. : 

From the results obtained from these three series of experiments we 
may conclude that the pressure in the pulmonary artery is not affected 
either readily or to any great extent by alterations in the general 
systemic pressure even when these oscillations of systemic pressure 
are very great in amount, unless they are at the same time of long 
duration. | 


V. VARIATIONS IN THE BLOOD PRESSURE OF THE PULMONARY VEIN 
ACCOMPANYING ALTERATIONS IN THE SYSTEMIC BLOOD PRESSURE. 


By making observations on the blood pressure in the central end of 
a pulmonary vein, further light can be thrown on some of the questions 
discussed above and more especially on the active or passive nature of a 
rise of pulmonary pressure accompanying an aortic rise. A cannula 
was placed in the central end of a divided pulmonary vein and con- 
nected with a mercurial manometer. In this way the pressure recorded 
was really that of the left auricle, and inasmuch as the thorax was 
widely open the pressure was found to oscillate between the atmo- 
spheric pressure as its minimum and some 5 mm. Hg. as its maximum. 
In some experiments the blood pressure in the pulmonary artery was 
also recorded, the pulmonary vein and artery being prepared on the 
same side. On exciting the peripheral end of the divided vagus the 
rapid fall of pressure in the aorta is seen to be accompanied by a very 
marked rise of pressure in the pulmonary vein, i.e. in the left auricle. 
This is quite comparable to De Jaeger’s well-known result showing a 
rise of pressure in the systemic veins during vagus inhibition’, This 
rise of pressure is no doubt dependent upon distension of the cavity of 
the auricle with blood’. Ifthe peripheral end of the divided splanchnic 
is excited, the changes in intra-auricular pressure are interesting. 
During the rise of systemic pressure the intra-auricular pressure rises 
but slightly unless the systemic rise be a prolonged one, then the 
intra-auricular pressure rises considerably. Further if the rise of aortic 
pressure is followed by a fall, during this fall in arterial pressure the 


1 DeJaeger. This Journal, Vol. vu, 1886. 
2 Compare Roy and Adami. Phil. Trans. 1892. 
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intra-auricular pressure rises. These changes of intra-auricular pressure 
are precisely similar to those described above as resulting in the 
pulmonary:artery under the same circumstances, ie. excitation of the 
peripheral end of the divided splanchnic, and it seems to us that the 
same interpretation is applicable to both instances. When the aortic 
rise is of short duration, the intra-auricular pressure does not rise 
because the mitral valve shuts off the effects of the heightened tension ; 
when however this is of long duration the valve becomes inefficient 
probably owing to distension of the left ventricle, thus allowing the full 
back effects to be produced. On the other hand the rise of intra-- 
auricular pressure when the splanchnic effect is a double one, is 
probably a “forward” effect dependent upon a momentarily increased 
input of blood into the right side of the heart, dependent in turn on the 
abdominal constriction being suddenly replaced by dilatation. 

In asphyxia, as will be described more fully below, the intra-auricular 
pressure rises greatly; in fact it is under these circumstances that the 
- maximum rise is seen, as is the case also with the pressure in the 
pulmonary artery. 

When however the neal end of the vagus is excited, the auricular 
pressure undergoes an obvious although slight fall, and this fall occurs 
notwithstanding the fact that the nerve excitation causes a marked rise 
in the aortic pressure. As will be shown later, excitation of this nerve 
causes, a rise of pressure in the pulmonary artery. Since the aortic 
pressure rises and the pulmonary arterial pressure rises, but the left 
auricular pressure falls, it is clear that the rise of pressure in the 
pulmonary artery is dependent upon reflex constriction of the pul- | 
monary arterioles and not upon any transmitted effect from the 
systemic to the pulmonary circulation. The effects of contraction of 
the pulmonary and systemic vessels tend thus to produce opposite 
effects on the intra-auricular pressure, although the systemic effect if 
large will overpower the pulmonary effect and distension of the auricle 
will occur. 

The effects of asphyxia on the intra-auricular pressure will be 
considered below. 


VI. INFLUENCE EXERTED BY THE MOVEMENTS OF RESPIRATION ON 
THE PULMONARY BLOOD PRESSURE. 


The form of the curve of the pulmonary blood pressure is somewhat 
peculiar, the effects of the periodic inflations on the pressure in the 
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pulmonary artery being much more marked and sudden than is the 
- case with the corresponding curves in the trace obtained from the 
earotid artery. With artificial respiration in curarized animals each 
ventilation produces the following results’. With the inflation there is 
a very sudden and great rise in the pressure in the pulmonary artery, 
followed on the cessation of the stroke of the pump by a rather more 
gradual fall in the blood pressure as the injected air is being expelled 
from the chest. No doubt this rise of pressure in the pulmonary artery 
is dependent on the lungs being distended by a positive internal 
pressure, and hence the production of a considerable obstruction to the 
flow of blood through the lung vessels. The subsequent fall is in like 
manner due to the removal of the obstruction on the return of the 
lungs to their previous volume and with that the more easy flow of 
blood through the pulmonary vessels. The effects of artificial respira- 
tion on the systemic circulation are, as is well known, complicated and 
of mixed origin, but we think that the changes produced in the lung 
circulation by the respiratory movements play the most important part 
in the production of the well-known respiratory undulations of the 
systemic blood pressure. 

The influence of the respiratory movements on the pulmonary 
circulation, and so indirectly on the systemic, has been so thoroughly 
discussed by De Jaeger’, that we have very little to add to his results, 
and we can only adduce confirmatory evidence of the truth of his 
conclusions from our results obtained by direct observation of the 
pulmonary blood pressure. With vigorous artificial respiration the 
respiratory undulations of blood pressure are opposite in direction in 
the two circulations at any given moment. Thus with the rise of 
pressure in the pulmonary artery described above as occurring at each — 
inflation there is a sudden fall in the systemic pressure. Similarly — 
with the more gradual fall in pulmonary blood pressure there is a 
similarly more gradual rise in the systemic blood pressure. On the 
cessation of artificial respiration the systemic blood pressure remains at 
the maximal height, the pulmonary at the minimal height that the two 
blood pressures reached during the respiratory undulations. Both the 
“capacity” and the “resistance” of the lung vessels are altered by the 


7 It is to be noted that the method of artificial respiration employed was that of a 
series of “ inflations,” the air injected into the lungs subsequently escaping by a side tube 
in the cannula. In other words no “suctions” were nS Sead, the air a. expelled by 
the elasticity of the lungs and chest walls, 

2 De Jaeger. This Journal, Vol. vir. 1886, 
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respiratory movements as De Jaeger has insisted, and each of these 
changes produces its effects on the systemic circulation; we think 
however that with vigorous artificial inflation the main effect is pro- 
duced by the changes brought about in the resistance to the passage of 
blood through the lungs. The inflation increases the resistance and 
thus causes the pulmonary blood pressure to rise and the systemic to 
fall; with the cessation of inflation and the collapse of the lungs the 
reverse takes place. 

A series of observations was carried on as regards the effect of section 
of the vagi, but we were unable to obtain any evidence that division of 
these nerves caused any difference in the form of blood pressure curve 
of the pulmonary artery. In other words we have been unable to 
detect any reflex connection between the movements of the lungs and 
the pulmonary blood pressure. | | 

Inasmuch as one pleural cavity only is opened in order to connect 
the manometer with the pulmonary artery it is quite possible to observe 


the effects of natural respiration on the pulmonary blood pressure. The 
_ animal can effect a more or less natural respiration with the opposite 
intact lung, which is the only working lung, as owing to the method 


employed the vessels of one lung are practically removed from the cir- 
culation by the ligature of the large vessels distributed to the lower 
lobe of the left lung. The effects of natural and artificial respiration 
can thus be compared, since in both cases owing to the method used the 
animal has practically but one lung to breathe with. It is however to 
be observed that there are far more accurate methods for this purpose, 
e.g. by connecting the intra-pericardial portion of the pulmonary artery 
with the manometer, and hence leaving both pleural cavities intact. 
This method however does not lend itself to the investigation of the 
vaso-motor nerves and hence was not used by us. 

The observations on the effect of natural respiration were carried 
out as follows: the pulmonary artery having been connected with 
the manometer in the usual manner in a non-curarized animal, arti- 
ficial respiration was carried on for a few minutes. In this manner 
the usual blood pressure curve was obtained in both the pulmonary and 
systemic arteries. The artificial respiration was then stopped, the 
animal being as a rule slightly apnoeic. After some 10” to 20” a 
natural inspiration would occur, followed by others gradually becoming 
more and more violent, and necessitating artificial respiration. The 
re-establishment of the artificial respiration would lead to the cessation 
of the dyspnoea and then again the effect of natural inspiration could 
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be seen on stopping the artificial respiration. It is however to the first — 
natural inspiration after the apnoea pause that we wish to draw 
attention. Here also with inspiration the pressure in the pulmonary 
artery undergoes a comparatively sudden and marked rise, followed 
_ during expiration by a slightly more gradual fall. Hence the pressure 
in the pulmonary artery under these conditions rises during inspiration 
and falls during expiration, just as is the case with artificial respiration ; 
a little more inspection of the curves however will show that the 
pressure changes are by no means exactly alike in the two instances. 
With natural respirations the rise and fall in the pulmonary blood are 
not so marked in amount as with artificial respiration, nor is the 
inspiratory rise of that extremely sudden character that is so marked 
a feature with artificial respiration. Again the heart beats are not 
diminished in apparent amplitude during the inspiratory rise as is the 
case with artificial respiration; in the latter case this is no doubt due to 
the extreme suddenness of the rise. Thus with natural respiration 
under these conditions the blood pressure curve in the pulmonary 
artery is more gradual and even in its oscillations, as well as of less 
amplitude, than in the case of artificial respiration. With the latter the 
rise in the pulmonary blood pressure is due to the obstruction produced 
by the positive internal air pressure caused by the inflation. With 
natural respiration on the other hand, the rise of pressure is no doubt — 
due to the increased blood capacity of the lung. In both cases the 
lungs are expanded by the inspiration, but it is only in the case of 
artificial respiration that the lung vessels are narrowed and compressed 
by the increased air pressure, and thus a great resistance interposed in 
the circulation. With artificial respiration changes in resistance play 
the more important part in the production of the oscillations of 
_ pressure in the pulmonary artery, with natural respiration changes in 
capacity. # Hence with artificial respiration the respiratory undulations 
in the blood pressure are opposite in direction in the pulmonary and 
systemic circulations at any given moment, whereas with natural 
respiration they more nearly coincide. De Jaeger has however so 
fully discussed this question that we have nothing to add to his 
description. We have been unable to observe any marked effect on 
the blood pressure in the pulmonary artery by producing collapse of 
the right lung by opening the right pleural cavity. | 
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VII. EviIDENCE OF THE EXISTENCE AND CAUSE OF THE PULMONARY 
VASO-CONSTRICTOR FIBRES, 


It is clear that before the existence of vaso-motor fibres for the 
pulmonary vessels can be admitted it is necessary to be sure that 
the observed pulmonary effects following any.given nerve excitation 
are not due simply to the simultaneous changes, if any, occurring in 
the systemic vessels. This question has been already discussed at 
some length in Section IV. and it is only necessary to add here that 
in order to prove the existence of pulmonary vaso-motor nerves it 
will be necessary to show that a nerve excitation~is = of causing 
one or more of the following effects : 

I. A rise of pressure in the pulmonary anaes out of proportion 

to any synchronous rise in systemic pressure, or 

II. A rise of pressure in the pulmonary artery without any 

| synchronous change in the systemic blood pressure, or 

III. A rise of pressure in the pulmonary artery with a synchronous 
fall in the systemic pressure when it can be shown that the 
latter is not the cause of the former. | 

As a matter of fact all these phenomena are to be observed although 
the first and third are more frequently seen than the second. 

In our own experiments the observations on the effect of excitation 
of individual nerves preceded those made on the results following 
excitation of the vaso-motor centre, but it will be more convenient 
to give the results of the latter set of experiments first. 


(A) The phenomena following eacitation of the vaso-motor centre. 
(Figs. 2, 3, 4.) 


When the medulla is exposed by opening the occipito-atlantal 
membrane and then excited, a rise of systemic pressure is observed 
as marked as any described in the preceding pages following excitation 
of the spinal cord. There is no great difference in the two cases in the 
height to which the aortic blood pressure rises, owing doubtless to 
the fact that the constriction effects produced on the vessels of the 
fore-limbs and of the head and neck are insignificant when compared 
with those occurring in the vast abdominal area. The accompanying 
- rise of pressure in the pulmonary artery is however as marked as in the 
most extreme case of the spinal cord experiments quoted above, i.e. it 
- may be as much as 6 mm. or even 8 mm. Hg. These observations 
however are of no great interest or value, since the pulmonary rise 
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might be considered to be due to the accompanying systemic rise, 
although as mentioned above it has only once happened that the pul-_ 
monary rise was as great as this on excitation of the spinal cord. — 
Hence on excitation of the medulla the aortic rise is not usually greater 
than that observed to follow excitation of the lower end of the spinal 
cord divided at the 7th dorsal, but the rise in pulmonary pressure 
is usually greater when the medulla is excited than in the case of 
excitation of the divided cord. 

If however the experiment is modified in the following manner 
certain striking results are immediately obtained. The vaso-motor 
centre is exposed and excited in the usual manner and the changes 
of pressure in the two circulations recorded, the spinal cord is then 
divided at the level of the 7th dorsal nerve and the vaso-motor centre 
is then again excited. It will be found that the amount of the rise 
of pressure in the pulmonary artery is but slightly affected as a 
result of the spinal section, although the systemic rise is necessarily 
greatly diminished in amount. The experiment may then be concluded 
by exciting the lower end of the divided spinal cord when a great 
systemic rise accompanied by a small pulmonary rise will be obtained. 
_ Thus to quote one of several experiments of this character. Excitation 
of the lower end of the spinal cord divided at the level of the 7th dorsal 
_ produced an aortic rise of 150 mm. Hg. the accompanying rise of 
pressure in the pulmonary artery being 2 mm. Hg. On now exciting 
the medulla in the same animal the aortic pressure rose 55 mm. Hg. 
the rise being slight compared to the former rise owing to the spinal 
section throwing the visceral area out of action. The pressure in the 
pulmonary artery, however, rose song 16 mm. Hg. to 22 mm. Hg. ie. 

by some 6 mm. Hg. 
| We think that in such experiments as shneis thee staat pressure 
in the pulmonary artery cannot be looked upon as a passive effect 
dependent upon the effects of the excitation on the systemic arteries. 
In the first place, as pointed out above, the rise of pressure in the 
pulmonary artery is quite out of proportion to the accompanying 
systemic rises, and secondly section of the cord at the level of the 
7th dorsal does not lead to any great diminution in the amount of the © 
pulmonary effect whereas it seriously diminishes the aortic effect. | 

Section of the spinal cord at a higher level causes a great diminu- 
tion in the pulmonary effect producible by excitation of the vaso-motor 
centre, as the following experiment shows. The vaso-motor centre 
_ having been exposed in the usual manner the spinal cord was 
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also exposed between the 8rd and 4th dorsal nerves. The vaso-motor 
centre was then excited; the aortic pressure rose from 78 mm. 
Hg. to 180 mm. Hg.; the pressure in the pulmonary artery rose 
from 21 mm. Hg. to 30 mm. Hg. This was a very large pulmonary 
effect, the aortic rise being rather small. The spinal cord was then 
divided just below the 3rd dorsal nerves but these were left intact. 
The vaso-motor centre was then again excited with the same strength 
of stimulus. The pressure in the pulmonary artery rose from 17 mm. 
Hg. to 19°5 mm. Hg., the aortic rise being small. 

Section of the upper dorsal nerves previously to the excitation 
of the vaso-motor centre leads to a marked diminution in the rise 
of pressure in the pulmonary artery without materially diminishing 
the systemic rise and to illustrate this we quote the following experi- 
ment. The vaso-motor centre was exposed in the usual manner and 
the pulmonary cannula was connected as usual with the left division of 
_ the artery as explained fully in section II. The 4th, 5th and 6th dorsal 
nerves were then divided just externally to the dura mater on the right 
side. On now exciting the vaso-motor centre the aortic pressure rose 
from 78 mm. Hg. to 166 mm. Hg,, ie. a rise of 88 mm. Hg. The 
pressure in the pulmonary artery rose from 17 mm. Hg. to 20 mm. Hg., 
a rise of 3mm. Hg. On now exciting the peripheral end of the 4th 
dorsal nerve in the same animal and with the same strength of current 
a rise of 4 mm. Hg. was produced in the pulmonary artery with a 
simultaneous rise of 10 mm. Hg. in the aorta. The peripheral end 
of the 5th dorsal gave also a rise of 4 mm. Hg. in the pulmonary 
artery and 20 mm. Hg. as the accompanying aortic rise. We consider 
that the comparatively small rise in the pressure of the pulmonary 
artery on excitation of the vaso-motor centre was due to the fact that 
many of the vaso-constrictor fibres for the lung vessels had been 
divided by the section of the 4th, 5th, and 6th dorsal nerves. The 
contrast in this case between the rises of pressure produced in the two 
circulations by central excitation on the one hand and by the excitation 
of a single root on the other hand is very striking. . 

We conclude therefore that excitation of the vaso-motor centre 
produces a rise of pressure in the pulmonary artery by causing direct 
and active constriction of the lung vessels, and that the phenomena 


. 1 It must be remembered that owing to the method adopted nearly all the left lung is 
thrown out of gear and the vascular changes in the entire right kang apie dso ae 
only of the left lung are observed. 


¢ 
5 
a 
a 
‘Za 
oa 
‘4 
ug 
y 
4 
4 
is 


ae J. R. BRADFORD AND H. P. DEAN. 


observed are not due to the transmission passively of the systemic 
changes to the lung circulation and for the following reasons. 

I. The rise of pressure in the pulmonary artery is greater than 
that produced by other nerve excitation notwithstanding the 
fact that the systemic rise is not only not greater but is 
frequently less. 

II. Section of the cord at the level of the 7th dorsal seriously 
diminishes the systemic rise without greatly diminishing the 
pulmonary rise. 

TIL Section of the cord at the level of the 3rd dorsal greatly : 
diminishes the pulmonary effect. 

IV. Section of the upper dorsal nerve roots materially diminishes 
the pulmonary effect without affecting the systemic effect to 
any great extent. 

It is to be understood that all the above remarks apply to electrical 
excitation of the vaso-motor centre and that in all cases the vagi 
are divided. Having thus shown, as we think, that the vaso-motor 
centre in the medulla is capable of directly influencing the pulmonary 
vessels, we must now attempt to determine the channels by which the 


vaso-constrictor fibres leave the — cord in order to reach the lung 23 


vessels. 

In the light of Gaskell’s work on the sympathetic it was considered 
probable by us that these pulmonary nerves would be found in the 
upper dorsal nerve roots. Gaskell himself hazarded this prophecy 
that these nerves would be found in this region in close relationship 
with the nerves distributed to the heart, that is to say in a region 


. bounded above by the 2nd dorsal nerve and extending some way down 


below this. Previous observations by one of us (J. R. B.) on the 
vaso-motor nerves of the abdomen had shown that in the 6th dorsal 
nerve, vaso-constrictor fibres for certain abdominal vessels could be 
detected readily. Thus if Gaskell’s view were correct the pulmonary 
vaso-motor nerves should emerge from the cord above or at any rate 
near this level. 

We will now pass on to consider the results following the excitation 
_ of these upper dorsal nerves. 


er The phenomena following eacitation of the nerve roots 
in the upper dorsal region. 


In all the observations on the nerve roots the spinal canal was laid 
open by the removal of the laminae and spinous processes. The nerves 
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were then ligatured externally to the dura mater and divided centrally 
to the ligatured point. In this manner a considerable length of nerve 
was available for excitation. This method involves, of course, the 

_ excitation of the peripheral ends of both anterior and posterior roots, 
and hence does not prove that efferent vaso-motor fibres are limited to 
the anterior roots. In no case, however, have we ever been able to 
produce effects by the excitation of the peripheral end of a divided 
posterior root, so that the results of excitation of the conjoint roots are 
in all probability dependent upon the fibres of the anterior roots only. 
This method has great advantages over that of exciting the actual 
anterior roots inside the dura mater. There is then not only great 
danger of the current spreading to the cord and so producing reflex 
effects, but owing to the delicacy of the nerve roots it is exceedingly 
difficult to excite them repeatedly without damage. Finally, it is to be 
remembered that in all cases the nerve roots were excited on the right 
side, but that the blood pressure tracing was taken from the branch of 
the pulmonary artery distributed to the lower lobe of the left lung, 
hence the alterations of pressure observed to follow these excitations 
were probably of indirect origin. 


Qnd dorsal nerve. 


_. The excitation of the peripheral end of this nerve produces only 
slight vaso-motorial effects both on the systemic and on the pulmonary 
circulations, As a rule a rise of pressure of from 1 to 2 mm. Hg. is 
produced in the pulmonary artery, not infrequently however excitation 
fails to produce any appreciable rise of pressure in this artery. In no 
case has a fall of pressure been observed in the pulmonary artery as a 
result of excitation of this nerve. 

The effects produced by this nerve on the systemic pressure are 
always small in amount, the rise of pressure rarely exceeding some 
5 mm. Hg. The alterations of pressure in the pulmonary and systemic 
circulations produced by the excitation of this nerve are probably 
not exclusively of vaso-motorial origin, the main effect being dependent 
on the cardiac acceleration and augmentation produced, That this is 
the case is shown more especially by two facts. In the first place the 
rise of pressure produced by the excitation both in the pulmonary 
and systemic arteries has a very long latent period, frequently as long as 
10” or even 20”, and the cardiac acceleration has a similarly long latent 
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pressure is seen best under the circumstances where acceleration and 
augmentation are seen best, i.e. where previously to the excitation of 
this nerve the heart has been beating slowly. Secondly, when the 
accelerator effect is not produced owing, for instance, to the pulse rate 
being already very rapfl previously to the excitation, the rise of 
pressure in the pulmonary artery is almost inappreciable. Further, the 


- pulmonary rise shows itself rather as a heightening of the minimum 


pressure than by an increase in the maximum pressure, and this effect 
is one that would be produced we think by an increased rate of heart- 
beat rather than by the peripheral constriction of blood vessels, _ 

Although most of the phenomena following stimulation of this 
nerve can be explained simply as the result of the activity of the 
accelerator fibres, yet these will not explain certain anomalous results 
occasionally seen. Sometimes on excitation of this nerve a fall of aortic 
pressure occurs unaccompanied by any fall of pulmonary pressure. 
This result shows that this nerve must contain some fibres capable 
of affecting the vascular system other than the cardiac accelerators’. 
This result is also seen with some other nerve roots, e.g. the 3rd, 4th 
and occasionally the 5th dorsal, and we mentioned it briefly in a 
preliminary communication to the Royal Society. Roy and Adami 
have described some experiments pointing to the existence of hitherto 
unrecognised nerve fibres in the annulus of Vieussens. It will be more 
convenient to discuss the relationship, if any, of their results with ours 
at a later stage of this paper. 

This fall in aortic pressure may occur notwithstanding the produc- 
tion by the excitation of extremely well marked acceleration. The fall 
of pressure produced by this 2nd dorsal nerve is slight, amounting to 
but some 2 to 4 mm. Hg,, but it is perfectly definite and easily seen 
and it also occurs after a lengthened latent period of several seconds. 
It is clear that the excitation of the 2nd dorsal nerve is capable of 
producing two effects more or less antagonistic to one another on the 
systemic blood pressure, one cardiac acceleration and augmentation 
tending to raise the blood pressure, the other producing a fall of 
pressure, and, what is more remarkable, that this latter effect may 
predominate and so produce an obvious fall notwithstanding well 
marked acceleration. We know from Dastre and Morat’s observations 
that this nerve contains fibres distributed to the blood vessels of the 
head. We will postpone the discussion of the phenomens uatd we 


1-Compare Roy and Adami. Phil. Trans. 1892, page 244. 
2 Proc. Roy. Soc. Feb. 1889. 
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have described the results obtained with the 3rd nerve, since here also 
the same facts are to be observed: only much more readily. 

Hence, to sum up briefly: the effects of excitation of the 2nd dorsal 
nerve, both on the systemic and on the pulmonary blood pressure are 
trifling, but when the excitation of this nerve causes a fall of pressure 
in the systemic arteries the pulmonary tension is maintained, there is 
no fall of blood pressure in the pulmonary artery. 


Grd dorsal nerve. (Figs. 5, 6, 7, 8.) 


The excitation of this nerve produces far more definite and marked 

results which may be classified as follows: © 
I, Cardiac acceleration. — 

II. Effects on the pulmonary blood pressure. 

III. Effects on the aortic blood pressure, 
_ L Oardiae acceleration. This is generally well marked unless the 
rate of the heart beat be already considerable. The presence of well 
marked acceleration effects interferes with the manifestation of this 
nerve's vaso-motor effects. The cardiac acceleration produces a rise of 
blood pressure in both the pulmonary artery, and in the aorta, of the 
type described above with the 2nd dorsal nerve. Not infrequently, 
however, and probably as a result of the shock, hemorrhage etc. of the 
operation, the heart beat is already so rapid that no further acceleration 
is produced on excitation of the nerve, and then the other properties of 
this nerve are more readily detected. | 

II. Effects on the pulmonary blood pressure. The excitation of this 
nerve causes a rise of blood pressure in the pulmonary artery varying in 
amount from 1 to 4mm. Hg. This rise, it is to be understood, is the 
one present when no marked accelerator effects are produced and so is 
independent of cardiac changes produced by the excitation of the 
accelerator or augmentor fibres. This rise of pressure in the pulmonary 
artery on stimulating this nerve still occurs if previously to the 
excitation the cervical sympathetic be divided. It also occurs on 
excitation of the 3rd dorsal nerve after previous section of the splanch- 
nic nerve on the same side. Finally, it still occurs if the spinal cord be 
divided at the level of the 2nd dorsal so as to exclude all possibility of 
the exciting current spreading to the spinal cord and so leading to 
reflex effects being produced. In no case has a fall of pulmonary blood 
pressure been observed by us on excitation of this nerve. It is clear 
from the above facts that the rise of pressure in the pulmonary artery 
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is dependent upon the excitation of efferent fibres in this nerve. These 
efferent fibres may directly affect the pulmonary arterioles, or else the 
pulmonary rise may be dependent upon some synchronous effect pro- 
duced on the systemic circulation, although it is seen from the 
experiments involving section of the cervical sympathetic and the 
splanchnic that any systemic effect produced is neither in the ab- 
dominal area nor in that of the head and neck. Before however 
discussing this point further, we will consider the effects of the 
excitation of this nerve on the systemic circulation. 

III. Effects on the aortic blood pressure. The results of the exci- 
tation of the 3rd dorsal nerve on the general systemic pressure are 
sufficiently striking. If marked cardiac acceleration is produced there is 
a rise of aortic blood pressure gradual in its course and amounting to 
some 5mm. Hg. This of course is only what is to be expected; when 
however the accelerator effects are not produced there is either no 
alteration in the height of the general blood pressure, or else there is a 
fall amounting sometimes to as much as 10mm. Hg., but more usually 
to about 6mm. Hg. This fall in aortic blood pressure on excitation of 
the 8rd dorsal nerve is very characteristic of this nerve, and although 
the same phenomenon is seen to a less extent with the 2nd dorsal and 
also sometimes with the 4th and 5th dorsal nerves, yet it is seen more 
frequently with the 3rd nerve than with any of the other nerves. As 
mentioned above, when no fall of pressure is observed in the aorta, the 


systemic pressure remains constant during the nerve excitation, that is 


to say, that a rise of pressure in the systemic arteries apart from cardiac 
acceleration has never been observed by us on excitation of this nerve. 
Since this fall of pressure still occurs after previous section of the 
cervical sympathetic, the dilatation of certain vessels of the head and 
neck observed by Dastre and Morat and others to follow excitation of 
the upper dorsal roots cannot be its cause. Again, it is improbable that 
so small a local effect as they and others have described should produce 
so obvious a fall of aortic blood pressure. 
It seems to us that this fall of systemic pressure must be due to one 
or more of three things. ) 
(A) The nerve excitation might produce some effect on the left 
ventricle leading to a diminished output of blood from it, or 
(B) This nerve might contain some vaso-dilatator fibres for some 
- systemic vessels, and the fall of general blood pressure be due 
to this vascular dilatation, or 
_(C) This nerve might contain vaso-constrictor fibres for the vessels 
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of the lungs, the fall of systemic pressure being dependent on 
‘the increased resistance interposed to the passage of blood 
from the right ventricle to the left side of the heart. 

We incline to the third view as the correct one, for the following 
reasons. We have seen that the typical fall of pressure is independent 
of the phenomena of cardiac acceleration and, if the first view were the 
correct one, we should have to assume ‘the existence of ‘fibres capable 
of affecting in some way the contraction force of the heart under 
circumstances when the well-known cardiac accelerators failed to 
produce any effect. Roy and Adami’ have recently described fibres 
passing from the stellate ganglion and causing on excitation a marked 
weakening of the force of the ventricular and auricular contractions. If 
the effects observed by us are due to the excitation in the upper 
dorsal roots of these same fibres we should have to assume that they 
acted only on the left cavities of the heart, inasmuch as the fall of blood 
pressure is only seen in the aortic system not in the pulmonary artery. 
For these reasons we think this view is not tenable. 

As regards the second explanation, Dastre and Morat’, as mentioned 
above, have shown that this root amongst others contains vaso-dilatator 
fibres for certain regions of the head, although as also mentioned above 
it is clear that. this cephalic effect does not cause the aortic fall since 
this fall is still§seen after section of the cervical sympathetic. However, 
it might still be urged that this nerve root contained dilatator fibres for 
other regions of the body. The fact that this fall in aortic pressure still 
occurs after division of the splanchnic shows that this hypothetical 
dilatation does not occur at any rate in the splanchnic area. Hence if 
this dilatation occurs at all it must affect either the vessels of the fore- 
limb or else those supplied by the vertebral plexus. As will be shown 
in another communication plethysmoyraphic observations on the fore- 
limb show that no dilatation occurs there as a result of excitation of the 
3rd dorsal nerve, besides which the interrupted current is not an 
efficient stimulus for dilatator fibres in a mixed nerve. We have as yet 
no experimental evidence on the question as to whether excitation of 
this nerve produces any effect on the vessels of the head and neck 
through the vertebral plexus, but we do not think that any cephalic 
local effect would have such a marked result on the general blood 
pressure. 

This fall in the aortic pressure is however accompanied by a rise 

* Roy and Adami. Phil. Trans. 1892, pages 244—247. 
* Dastre and Morat. Syst@me Nerveux Vaso-Moteur. Paris, 1884. 
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of pressure in the pulmonary artery, and we consider this rise of 
pulmonary pressure to be due to active constriction of the pulmonary 
arterioles, since even if the 3rd nerve caused any systemic dilatation, 
which we disbelieve, it is hardly possible that an aortic fall relatively 
small (ie, 5 to 10mm. Hg.) should cause passively a pulmonary rise 
which may amount to as much as 4mm. Hg. In other words, we 
consider the rise of pulmonary pressure to be dependent upon the 
8rd nerve containing vaso-constrictor fibres distributed to the vessels of 
the lungs. 

That this is the correct explanation is further shown by the fact that 
not infrequently the rise of pulmonary pressure produced by this nerve 
occurs without any change in the aortic blood pressure, the latter 
remaining constant at its previous height during the excitation. Under 
these circumstances the rise of pressure in the pulmonary vessels must 
we think be dependent on an active constriction of their muscular coats, 
since there is no synchronous systemic alteration to produce a passive 
effect in the pulmonary system. Having thus shown that the pul- 
monary effect is an active one it is possible that the aortic fall is 
dependent upon the pulmonary constriction diminishing the input of 
blood into the left side of the heart. There is however one difficulty 
to this view and that is the fact that a pulmonary rise may be obtained 
without any corresponding aortic fall, a circumstance possibly to be 
explained by the constriction of the lung vessels not being sufficient to 
markedly affect the systemic pressure. It is of course possible that the 
two phenomena, pulmonary rise and carotid fall, are really independent 
of one another, the former being due to the excitation of pulmonary 
vaso-constrictors and the latter to the excitation of the cardiac fibres 
_ described by Roy and Adami. 

The 8rd nerve is thus the first nerve we meet with that has a 
distinct influence on the pulmonary blood pressure which can be shown 
to be independent of the changes produced in the systemic pressure. 

The rise of pressure produced by this nerve in the pulmonary vessels 
varying as it does from 1 to 4mm. Hg. is of course small, but as will be 
seen later all the effects produced on the pulmonary pressure are small, 
and when we consider that the mean pulmonary pressure itself amounts 
to some 20 mm. Hg. it is seen that the rise of pressure produced by the 
excitation of this one nerve is not so insignificant as it at first sight 
seems to be. Having thus described the phenomena resulting from 
excitation of the 3rd dorsal nerve we will now consider the results of 
excitation of the following dorsal nerves, — 
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4th dorsal nerve. (Figs. 9, 10,11.) 


With this nerve we begin a series of nerves that give somewhat 
different results to those produced by the uppermost dorsal nerves. 
With the latter if the excitation produced a rise of aortic blood pres- 
sure this was dependent upon a cardiac effect, i.e. acceleration and 
augmentation, and in no case was, a rise of aortic pressure produced 
that could be seen to be dependent upon the constriction of systemic 
arterioles’. With the 4th dorsal nerve however we begin a series of 
nerves extending down to the 3rd lumbar nerve, the excitation of which 
is followed by a rise of systemic blood pressure, dependent in part on 
these nerve roots containing vaso-constrictor fibres distributed to the 
vessels of the greater part of the body and more especially to the vessels 
of the abdominal area.. Accelerator and augmentor effects are also 
observed on excitation of this nerve, but they are not so marked as 
those seen with the 2nd and 3rd dorsal. These accelerator and 
augmentor effects are however similar in their effects on the pulmonary 
and systemic blood pressures to those described above for the uppermost 
dorsal nerves. 

. The rise of systemic pressure due to the vaso-motor fibres of the 
4th dorsal varies in amount from 5 to 20mm. Hg,, the usual rise with 
moderate excitation being about 10 mm. Hg., so great a rise as 
20mm. Hg. with ordinary excitation being uncommon. This rise in 
aortic pressure presents the usual characteristics of a rise of pressure 
dependent upon increased peripheral constriction, having a short latent 
period, then rising gradually to its maximum and then returning slowly 
to its previous level.. 

The synchronous rise of pressure in the pulmonary artery amounts 
to from 2 to 4mm. Hg. and the amount of this rise is strikingly 
independent of the amount of the accompanying systemic rise. This is 
well seen in the following experiment amongst others. Two excitations 
of the 4th nerve at an interval of a few minutes gave the following 
results, in both cases the amount of the rise of pressure in the 
pulmonary artery was 4mm. Hg., but the rise of systemic pressure was. 
10 mm, Hg. in the one case and 20 mm. Hg. in the other. : 

Again the rise of pressure in the pulmonary artery occurs on 
excitation of this nerve after the splanchnic has been divided on the 
1 This is not meant to imply that the uppermost dorsal nerves do not contain vaso- 


sufficient to raise the general blood pressure. 
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same side previously to the, excitation, although under these conditions 
no rise of aortic pressure is produced. This again confirms the view | 


that the pulmonary rise is really independent ofthe synchronous => 
increased tension in the aorta. In a few cases excitation of the — 


4th dorsal has been followed by a slight fall in systemic pressure 
similar to that described above as occurring with the 8rd nerve. The 
fall in systemic pressure however is less in amount than that seen with 
the 3rd nerve, but just as with the 3rd nerve it is accompanied by a 
rise of pressure in the pulmonary artery. Further, this fall of systemic 
pressure amounting usually to some 5 mm. Hg. still occurs on excitation 
of the 4th nerve after preliminary section of the splanchnic, and so is 
essentially the same phenomenon as that described for the 3rd nerve. 
This effect however is not seen nearly so often with the 4th nerve as it 
is with the 3rd nerve. The usual and typical effect following excitation 
of the 4th dorsal is a rise of some 2 to 4mm. Hg. in the pressure of the 


‘ pulmonary artery accompanied by a systemic rise varying in amount 


from 5 to 20mm. Hg. The magnitude of the pulmonary effect 
however (as mentioned above) does not vary with that of the systemic 
result. 


Sth dorsal nerve. (Fig. 12.) 


The results following excitation of this nerve are very similar. to 
those just described for the 4th nerve, only that speaking broadly the 
rise of pressure in the systemic vessels is usually greater, not in- 
frequently amounting to some 30mm. Hg. The pulmonary effect 
however is not as a rule greater than those observed with the preceding 
nerve, 4mm. Hg. being usually the maximum rise observed. In one 
case the rise of pressure in the pulmonary artery amounted to 
5mm, Hg., the accompanying systemic rise being 22 mm. Hg., but this 
is rather an exceptional result, the following, quoted from another 
experiment, giving a better idea of the more usual effect. In this case 
the pulmonary rise amounted to 3mm. Hg., the systemic rise to 
26mm. Hg. These two experiments again Te the unequal 
and independent manner in which the excitation of one nerve may 
affect the two circulations. Accelerator and scan r effects are only 
rarely seen with this nerve, and still more exceptionally is a fall of 
systemic blood pressure to be observed with this nerve, in fact this last 
result has only been obtained by us once or twice in a large series of 
experiments. 
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6th and 7th dorsal nerves. 


The effects produced on the blood pressure in the pulmonary artery © 
by the excitation of these nerves are small, being less in amount than 
those seen with the 3rd, 4th and 5th nerves. The usual rise of pressure 
produced varies from 1 to 3mm. Hg. On the other hand the effects on 
the systemic circulation are greater, the rise of pressure produced by 
the excitation: amounting sometimes to 50mm. Hg. Inasmuch as the 
vaso-motor fibres of these nerves distributed to the systemic vessels — 
have been already experimented on by one of us, it is unnecessary to 
discuss them more fully here. At the same time it is interesting to 
observe that although the systemic effect produced by these nerves is 
greater than that produced by the upper dorsal nerves, the reverse holds 
as regards the effects produced on the pulmonary pressure, this being 
far more influenced by the upper dorsal nerves. 


General conclusions derived from the consideration +. 
foregoing experiments, 

Before proceeding to discuss more fully the phenomena of the 
pulmonary circulation it will be useful to summarize shortly the 
preceding facts. Gaskell pointed out the probability that vaso-motor 
fibres for the lung vessels would be found passing through the ganglion 
stellatum. Inasmuch as our work points to the upper dorsal nerves, 
but more especially to the 3rd, 4th and 5th nerves as the path they 
follow this prophecy of Gaskell’s seems to be verified. It will be seen 
from the experimental facts detailed above that it is difficult to come to 
any other conclusion, except that the pulmonary effects produced on 
excitation of these roots are dependent upon an active constriction of 
the lung vessels, and not upon any indirect effect transmitted from the 
systemic to the pulmonary circulation. 

We have shown that a rise of pressure in the pulmonary artery can 
be produced by the excitation of efferent fibres 

(A) When cardiac acceleration is absent ; 

(B) When there is no change of pressure in the systemic vessels, 
e.g. 3rd and 4th dorsal with or without previous section of - 
splanchnic ; 

(C) When the systemic pressure falls, e.g. 3rd dorsal ; 

- (D) When the rise in pulmonary pressure is accompanied by a 
| systemic rise, the former is out of — to the itt, 
- eg. the 5th dorsal ; 
PH. XVI. 5 
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and finally, that far greater rises of systemic pressure than any produced 
by the excitation of these nerve roots may be observed with synchronous 
smaller effects on the pulmonary pressure than those described above, 
provided that the systemic rise be brought about in such a manner as 
only to affect the pulmonary circulation passively, e.g. excitation of the 
vaso-motor centre after division of these upper dorsal nerve roots, 
excitation of the lower end of the spinal cord divided at the 7th dorsal, 
etc. With regard to the 2nd nerve the results produced are slight, so 
that this nerve probably contains but few fibres destined for the. 
pulmonary vessels, although as other observers have shown some vaso- 
motor fibres for the head and neck issue from the spinal cord by this 
root. 

Hence the bulk of the vaso-motor fibres for the lung vessels leave 

the cord by the 3rd, 4th and 5th dorsal, those in the 6th and 7th dorsal 
nerves being probably far less in number. 
It is possible however that a series of experiments in which these 
lower roots are excited, after previous division of the splanchnic of the 
same side so as to eliminate the visceral effect, will show that the series 
of nerve roots supplying the lung vessels is a more extensive one than 
that just described. That the influence of these lower nerves on 
the pulmonary circulation is slight is shown however by the fact 
that the results of their excitation are slight even with the splanchnic 
intact. 

The vaso-constrictor fibres aha leave the cord in the anterior 
roots although we have not made any special observations with regard 
to this point, 


VIII INFLUENCE EXERTED UPON THE PULMONARY BLOOD PRESSURE 
BY REFLEX EXCITATION OF THE VASO-MOTOR CENTRE. 


(A) Central end of the divided sciatic. 


The central end of the sciatic causes on excitation as is well known 
a well marked rise of aortic blood pressure due mainly to reflex 
constriction of the abdominal vessels. This systemic effect is accom- 
panied, as would no doubt be expected, by a distinct rise of pressure 
in the pulmonary artery. Thus to quote an experiment the rise of 
carotid pressure amounted to 36 mm. Hg., the accompanying pulmonary 
rise was 2mm. Hg. As will be seen when the other reflex effects have . 
been considered, this is a small pulmonary effect when compared with 
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the magnitude of the accompanying systemic result. It is-however a 
constant result with the sciatic nerve to produce a small pulmonary 
effect, and that this is so is shown further by the fact that not 
infrequently a marked aortic rise is seen on excitation of the central 
end of this nerve accompanied by little or no pulmonary rise. 

From these results we are inclined to the belief that by reflex 
excitation through the sciaticbut little direct active effect is produced on 
the pulmonary vessels, and that the rise of pulmonary pressure observed 
is mainly au indirect passive one dependent on the simultaneous rise of 
aortic pressure and transmitted back through the heart cavities to the 
pulmonary artery. 


The effects following the excitation of the central end of a divided 
intercostal nerve, both on the aortic and on the pulmonary blood 
pressures are slight, but at the same time they are remarkably in- 
teresting. We will consider first the effects on the systemic circulation. 
The usual effect produced by the excitation of the central end of any 
intercostal nerve is a slight rise of pressure in the aorta amounting 
to some 10—-15mm.Hg. When the blood pressure trace is closely 
examined it is seen that this rise of pressure is followed by a slight and 
gradual fall, the pressure finally rising gradually to its initial height. 
This after fall is frequently not seen until the exciting current is shut 
off, and perhaps it is more frequently seen to follow stimulation of the 
lower than of the upper intercostals. Hence the effect is typically a 
double one, a rise of blood pressure followed by a fall. Not infrequently, 
as previously mentioned by one of us (J. R. B.)’, a fall only is seen, ahd 
what is so remarkable is that this fall is then generally far greater in 
amount than the rise which the same excitation normally produces. 
The occurrence of this fall unpreceded by any rise shows very clearly 
that the effect is not due to the exhaustion of a constriction-producing 
mechanism, but that it is due to the excitation of a dilatation-producing 
mechanism. When dilatation follows a previous constriction it re- 
sembles an exhaustion effect, but this view is altogether untenable when 
the dilatation occurs without any initial constriction, as is the case in 
the instances now described. Not only can the excitation of an 
intercostal nerve lead to reflex dilatation in a large area when the nerve 
has not been previously exhausted by repeated excitation, but this effect 

1 This Journal. Vol. x. page 397, 1889. 
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can still be obtained when other reflex excitation of the vaso-motor centre 
yields the usual constriction result. Thus, to quote one instance, 
excitation of the central end of the divided 12th intercostal caused a fall 
in aortic blood pressure amounting to 20 mm, Hg., similar excitation of 
the central end of the sciatic caused a rise of 50mm.Hg. Hence the 
result is not dependent on some altered condition of the centre produced by 
exhaustion, drugs etc., as for example the well-known case of chloral, but 
it is due to these nerves containing different afferent fibres, in other words, 
fibres having different central connections. In fact, careful observation 
of blood pressure tracings shows that reflex excitation of other nerves 
besides the intercostals, e.g. the vagi, leads to a similar double effect and 
here we know that. the double effect is due to the nerve containing two 
sets of fibres, pressor and depressor, since in certain animals, e.g. the rabbit, 
where the fibres run in separate nerves either the pressor or depressor 
effect can be obtained as desired by the experimenter. In the vagus of 
the cat and dog, however, the two sets of fibres run in the same nerve 
trunk. Hence we should conclude that the fall of pressure so often 
seen on excitation of an intercostal nerve is not the reversal of a normal 
pressor effect, but only an excess of one phase of the normal effect. We 
must leave to future research to show whether two sets of afferent fibres 
can be demonstrated, but our results seem to point to that conclusion. 
The effects of excitation of the central.end of the intercostal nerves 
on the pulmonary blood pressure are smal], This is doubtless partly 
due to the fact that a single and comparatively small nerve is being 
excited, but it stands in contrast to the effects of the same excitation on 
the systemic circulation. When the excitation produces a rise of aortic 
pressure there is also a rise of pulmonary blood pressure and although 
the latter effect is small, yet relatively to the aortic effect it is frequently 
larger than when the sciatic is the nerve excited. Thus to quote one 
case, the central end of the 6th intercostal caused an aortic rise of 
15 mm. Hg., the accompanying pulmonary effect being a rise of 2°5 mm. 
Hg. The usual effect is a rise of about 2 mm. Hg. in the pulmonary 
- pressure with an accompanying aortic rise of some 10 to 15 mm. Hg. 
When the excitation causes a fall in the aortic pressure there is a very 
obvious fall also in the pulmonary blood pressure. In no case have we 
seen an aortic fall accompanied by a rise in the pulmonary pressure. 


The fall in pressure in the pulmonary artery can be seen when the 
systemic fall is very slight, thus in one case an aortic fall of only 
7 mm. Hg. was accompanied by a pulmonary fall of 1:5 mm. Hg. 
Usually the effects are more obvious still, thus the central end of the 
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12th intercostal’ gave an aortic fall of 20 mm. Hg. accompanied by a 
fall in pulmonary pressure of 3mm.Hg. The aortic pressure falling 
from 74mm. Hg. to 54mm. Hg., the pulmonary from 21 mm. Hg. to 
18mm. Hg. In another experiment the central end of the 9th inter- 
costal caused an aortic fall of 28 mm. Hg. accompanied by a pulmonary — 
fall of 2mm. Hg. It will be seen from the experiments here quoted 
that although an aortic fall is always accompanied by a pulmonary fall | 
the amount of the latter does not vary directly with the amount of the 
former. It—is not-clear why these differences should exist if the 
pulmonary effects are simply mechanical and transmitted from the 


systemic to the lung vessels. 


We conclude that reflex excitation of the vaso-motor centre through 
the intercostal nerves produces active changes in the calibre of both the 
syskemic and pulmonary vessels, and that the latter effects are relatively 
greater than in the case of excitation of the central end of the sciatic. — 


(C.) Central end of a divided posterior root. 


Excitation of the central end of a divided posterior root in the region 
of cord exposed (i.e, upper dorsal) leads to a considerable rise of blood 
pressure in the systemic vessels, and a larger rise in the pulmonary 
system than that following the excitation of either the sciatic or of an 
intercostal nerve. Thus, to cite one case amongst others, the rise in 
aortic pressure was 52 mm. Hg., that in the pulmonary artery amounting 
to5mm.Hg. Here we see how the excitation of the central end of a 
posterior root produces greater effects on the vaso-motor apparatus than 
the similar excitation of the central end of an intercostal nerve. In 
other words, there are afferent fibres in the posterior roots derived from 
the viscera, and capable of producing greater effects on the blood 
pressure than the effects produced by excitation of the afferent fibres 
distributed to the body-wall in such a nerve as an intercostal. As 
regards the pulmonary circulation, however, it is important to bear in 
mind that although excitation of posterior roots leads to such marked ~ 
changes of pressure, yet the accompanying systemic effect is always a 
marked one and one with a short latent period and rapid in its course. 
Hence, neither the posterior root results, nor those obtained with the 
intercostal nerves, lead to any confirmation of the view generally held 
that the excitation of skin nerves causes any particular and exclusive 


60 mm. Hg. accompanied by a pulmonary rise of less than 2 mm. Hg. 
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local effect on the vessels of any subjacent viscus such as the lung. 
Apparently the visceral vessels are affected oaly as part of a far more 
general vascular effect. 

We will now pass on to the consideration of the results on the 
pulmonary circulation of stimulation of the vagus, a nerve that has 
greater reflex effects on the lung circulation than any of the other 
nerves hitherto considered. The sciatic, intercostal and upper dorsal — 
‘posterior roots all produce effects on the lung circulation, and although 
the results of the last two are relatively greater than those of the 
sciatic, yet they are not very considerable. Hence we shall probably 
not be far wrong in asserting that the effects produced by these nerves 
on the lung circulation are partly indirect, and transmitted from 
_ the systemic side, and partly direct and dependent on active reflex 
constriction of the pulmonary vessels, and that these direct effects 
are more marked with the intercostals and posterior roots than with the 
sciatic. 

(D.) Influence of the vagus on the pulmonary circulation. 
Peripheral end. (Fig. 13.) 

Before considering the phenomena resulting from: excitation of the 
central end of the divided vagus, we will mention shortly the results 
observed on excitation of the distal end, and also the results of section 
of this nerve, as some observers have thought that the vagus contained | 
the vaso-motor fibres destined for the lung vessels. We have not 
observed any effect on the pulmonary circulation on excitation of the 
peripheral end of the divided vagus apart from the phenomena of 
inhibition to be mentioned below. Thus, after small doses of atropine, 
we have been unable to detect the presence of either vaso-constrictor or 
vaso-dilatator fibres in this nerve, and in this our results are quite in 
accord with those of Brown-Séquard. Hence all the vaso-constrictor 
fibres reach the lung vessels by means of the spinal nerve roots of the 
upper dorsal region. 

Turning now to the cardiac effects of the vagus we find that these 
are scarcely what would have been expected on & priori grounds and 
first of all the effects of section of both vagi. As is well known double 
vagal section causes in the dog a great rise of systemic blood pressure. 
Thus in one case the aortic blood pressure was exactly doubled by 
dividing both vagi, the pressure rising from 90 mm. Hg. to 180 mm. Hg., 
the pulmonary blood pressure however did not rise at all. Generally 
however it rises a little, but the rise is often quite inappreciable. It is 
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at first sight strange that the systemic pressure should undergo such a 
. great rise and that no equivalent effect should be seen in the pulmonary 
pressure, but there are certain considerations that will serve to explain 
this anomaly. In the first place the lung vessels are probably easily 
_distensible, ; and secondly as long as the mitral valve works efficiently the 
increased ‘pressure in the aorta need not be transmitted back to the lung 
vessels. This efficient working of the mitral valve depends upon many 
factors, but amongst others on the degree of distension of the ventricular 
cavity. When a rise of aortic blood pressure is due to peripheral 
constriction the distension of the ventricle may become extreme, and 
hence almost the full effects of the increased blood pressure may be 
transmitted back to the pulmonary circulation. On the other hand 
when the rise of pressure is due to cardiac acceleration, it is not obvious 
why any ventricular dilatation should occur and in the absence of this, 
the mitral valve being still efficient, the effects of the increased aortic 
pressure are not transmitted back to the pulmonary circulation. This 
experiment illustrates very well the relative independence of the two 
circulations, and considered in conjunction with the effects of aortic 
compression and of excitation of the splanchnics, shows that notwith- 
standing the independence of the two circulations when a rise of 
systemic pressure leads to distension of the left acne then back 
_ effects are produced to a considerable extent. 
Excitation of the peripheral end of the divided vagus causes of 
course a large fall in the blood pressure both in the systemic and 
pulmonary systems, the blood pressure in the pulmonary artery falling to 
zero when a strong excitation is used. If any cardiac beats occur 
_ during the excitation of the nerve they are more visible on the tracing 
of the pulmonary blood pressure than in the aortic curve, but this is 
probably due to the fact that the cannula in the former artery is in a 
vessel nearer to the heart than the latter. With weak excitations we 
have sometimes obtained a slight fall of blood pressure in the aorta with 
no accompanying pulmonary fall, when stronger excitation brought out 
a marked fall in both vessels. This fact may be due to a difference in 
the action of the vagus on the two ventricles, but on the whole this is 
improbable, and the result is more likely due to the fact that very slight 
differences may be more easily detected in the high blood pressure in the 
aorta, than in the low pressure in the pulmonary artery. 
Having thus described the results of section and of peripheral 
excitation, we will now pass on to the results produced by excitation of - 
the central end of the divided vagus. 
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(2) Central end. ‘(Fig.15.) 
Three effects on the aortic blood pressure may be seen to follow 
excitation of the central end of the divided vagus, 
(a) A rise of pressure. 
(6b) A rise of pressure followed by a depressor-like fall at the © 
moment of shutting off the exciting current. 
(c) A depressor effect only. 

The last result is the least common, the second effect however 
is quite a frequent one in the dog. These differences are due as is well 
known to the depressor fibres in the dog running with the vagus. 

The effects on the pulmonary circulation are however very constant, 
ie. a rise of blood pressure varying from 3 to 6 mm. Hg. in amount. 
Now not only is this rise of pressure larger than that obtained by any 
other form of reflex excitation described above, but it is practically — 
independent of the accompanying systemic effect. Thus, to quote an 
experiment illustrating this point, the excitation of the central end of 
the left vagus caused during the excitation no effect on the aortic blood 
pressure, when however the exciting current was shut off a consider- 
able depressor fall occurred, the pressure falling from 130 mm. Hg. to 
98mm. Hg. The effects on the pulmonary circulation were however very 
different. A rise of pressure amounting to 3 mm. Hg. (the pressure rising 
from 18 mm. Hg. to 21 mm. Hg.) occurred at a time when no effect was — 
produced on the systemic circulation, i.e. during the excitation of the 
nerve. When the depressor-like fall occurred in the systemic pressure, 
the pulmonary pressure returned from its heightened level of 21 mm. 
Hg. to its initial height of 18 mm. Hg., no fall below that level took 
place. 

What we wish to draw attention to however is that a rise in the 
pulmonary pressure can be produced reflexly without any accompanying 
rise of pressure in the systemic arteries, hence we think there is no 
- question here of the pulmonary effect not being due to an active con- 
striction of the pulmonary arterioles. 

_ When the excitation of the vagus produces a rise of systemic blood 
pressure, the simultaneous rise of pressure in the pulmonary artery is 
not only large, but it is quite out of proportion to the aortic rise. Thus 
although the sciatic and vagus may produce reflexly rises of systemic 
pressure equal in amount, or what is more frequent, that the sciatic 
produces the greater effect, yet the effect on the lung circulation is 
greater when the vagus is the nerve excited, than with the sciatic. As 
mentioned above, the rise in pulmonary pressure produced by the sciatic 
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is small notwithstanding the large systemic effect, whereas with the 
vagus a large pulmonary effect may occur when no aortic rise is 
produced. These facts again serve to demonstrate that the pulmonary 
effect is not a transmitted one, but is due to an active constriction of the 
pulmonary arterioles. 

Having thus described the effects produced on the pulmonary 
circulation by reflex excitation of the vagus when the accompanying 
aortic effect is a rise of pressure, or when there is no aortic effect, there 
still remains the case when a systemic depressor effect follows on vagal 
excitation. In these cases the nature of the accompanying pulmonary 
effect depends upon the amount of the depressor fall in the systemic 
arteries, Unless this fall is very considerable in amount, the pulmonary 
pressure remains at the heightened level produced by the excitation of 
the central end of the vagus. If however the aortic blood pressure falls 
to something like half its previous height, then the pulmonary pressure 
will also fall, but only slightly, and as the experiment above shows, a 
very great fall in systemic pressure may occur with practically no fall in 
the pulmonary blood pressure. This result is a contrast to what obtains 
when a depressor-like fall is seen to follow excitation of gn intercostal 
nerve, then the pulmonary fall is relatively great. In Ke case of the 
vagus the systemic depressor effect probably produces such a small effect 
on the pulmonary tension, because the reflex systemic dilatation is ac- 
companied by a reflex pulmonary constriction, and hence there are two 
antagonistic effects produced on the pulmonary blood pressure. : 

All the above experiments tend to show that excitation of the 
central-end of the vagus causes a reflex constriction of the pulmonary 
arterioles, and that of all the means of reflex excitation employed by us, 
excitation of the vagus is the most efficient. In no case have we | 
observed a fall of pulmonary blood pressure following vagal stimulation, 
— unless a large depressor effect was produced on the systemic circulation 
at the same time, and then the slight pulmonary fall observed is 
doubtless entirely dependent on the great systemic fall. In other words 
we have not obtained any evidence of the possibility of reflex dilatation 
of the pulmonary vessels. No doubt when we consider other nerves 
and organs, e.g. the great auricular, gastric vagus, the renal nerves, etc., 
where reflex dilatation is so common and easily produced, we might 
expect the same thing with the vagus and the lung circulation, and 
hence expect that reflex excitation of the vagus might lead rather to 
dilatation than constriction of the lung vessels. 

This view however is not supported by the experimental facts 
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observed by us, and further, we must remember that the pulmonary 
circulation is not the nutritive circulation of the lungs, and it is perhaps 
possible that the bronchial vessels obey the same law as regards reflex 


dilatation on excitation of an afferent nerve as the other systemic 


Mics e.g. ear, kidney, stomach, ete. 


(E.) Central end of a divided splanchnic nerve. 


The excitation of the central end of the divided’ splanchnic nerve © 
causes a considerable rise in aortic blood pressure, provided of course 
that the other splanchnic is intact. The effects on the blood pressure 
in the pulmonary artery are rather more variable in amount than the 


-accompanying pressure changes in the aorta. Usually the pulmonary 


effect is a rise not very great in amount, i.e. 2 or 3mm. Hg. Some- 
times however it is considerable as in the following experiment, the 
rise of pressure in the pulmonary artery in this case amounting to 
8 mm. Hg., the pressure rising from 24mm. Hg. to 32 mm. Hg., the 
accompanying aortic effect being a rise from 108 mm. Hg. to 150 mm. Hg. 
Usually with aortic effects as great or greater than this, the accom- 
panying pulmonary rise is much smaller than in this instance. We 


not observed a fall in the pulmonary blood as of 


the excitation of this nerve. 


IX. INFLUENCE OF ASPHYXIA ON THE PULMONARY CIRCULATION. 
(A.) With the spinal cord intact. 


Asphyxia produces greater effects on the pulmonary blood pressure 
than any other method of exciting the vaso-motor centre. At the 
same time the results are not so easily interpreted owing to the 
complexity of the vascular changes produced by asphyxia. In order 
to simplify these as much as possible the asphyxia was always brought 
about in our experiments by the cessation of artificial respiration in 
curarized animals after division of both vagi. In this way all the 
disturbing effects produced by violent respiratory movements and some 
of the effects of asphyxia on the cardiac apparatus were excluded, and 
so the effects of asphyxia on the vaso-motor apparatus were studied 
more easily. At the same time it is obvious that there may be great 
differences between the phenomena as observed by us under these 
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circumstances and the effects of asphyxia in a norinal non-curarized 
animal with intact vagi. However, the main interest of asphyxia as 
regards the pulmonary circulation is the light it throws on the question 
of the innervation of the pulmonary vessels. 

On cessation of the artificial respiration the aortic pressure as is 
well known begins to rise at first gradually, then more rapidly, finally 
attaining a height from two to four times as great as its initial height. 
The time of occurrence of the rise and its ultimate height are both 
greatly influenced by the character of the artificial respiration. The 
more vigorously this has been carried out the longer is the interval 
elapsing between the cessation of the respiration and the commence- — 
ment of the rise, no doubt owing to the apneic condition of the 
centres, Again with vigorous artificial respiration there is usually a . 
low blood pressure, and hence under these circumstances the rise of 
blood pressure will be relatively much greater than if the blood 
pressure was originally high. (All these varying conditions affect the 
pulmonary blood pressure as well as the aortic.) Traube curves soon 
appear on the systemic blood pressure curve, although as is well known 
their amplitude and the time of their occurrence are subject to a good 
deal of variation. Sometimes their period is so short that they 
resemble the undulations in the blood pressure trace dependent upon 
the respiratory movements, at other times the Traube curve is of 
great length, ie. their period is a long one. Finally the Traube 
curves become less marked and the systemic blood pressure begins to 
fall slowly and gradually, the heart-beats becoming slow and the 
pressure falling to zero. The accompanying phenomena in the pul- 
monary circulation are very different, as Lichtheim and others 
observed long ago. The pressure in the pulmonary artery begins to 
rise at the same time as the aortic pressure does after the cessation of 
the artificial respiration, but the rise is a far more gradual one. Those 
sudden rises that are not infrequently seen in the aortic pressure are 
- not so manifest in the pressure curve of the pulmonary artery. The 
rise of pressure in the pulmonary artery is however very considerable 
in amount, although gradual in its course, and as a general rule it is 
approximately doubled. That is to say, a greater effect is obtained on 
the pulmonary circulation by asphyxia than by any other mode of 
excitation. Although the rise of pressure in the pulmonary artery 
begins at the same time as that in the aorta, yet the two rises do not 
follow by any means the same course, the maximum rise being 
obtained in the aortic system many seconds before the pulmonary 
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pressure reaches its maximum. In other words, the asphyxial rise of 
pressure in the pulmonary artery reaches its maximum at a time when 
the aortic pressure is falling. Not only is this the case, but finally 
when the pulmonary pressure does fall, it neither does so as rapidly as 
the aortic pressure, nor does it reach zero at the same moment as the 
latter, since heart-beats are frequently still seen in the pulmonary — 
blood pressure curve when the aortic tracing has become a mere line. 
This is probably dependent on the fact that the right ventricle goes on 
beating for a few moments after the left has ceased to beat. Perhaps 
however the result is only due to the pulmonary cannula being in more 
direct communication with the heart than is the case with the carotid 
cannula, and thus a beat too feeble to be transmitted to the latter 
_ might yet be communicated to the pulmonary cannula. Since however 
the excitability of the right heart is known to persist longer than that 
of the left heart, it is probable that the first explanation is the correct 
one. 

The Traube curves so well marked in the systemic arteries during 
the asphyxial rise are also to be seen in the pulmonary tracing, but 
they are not nearly so well marked. | 
_ Not only does the rise of pressure in the pulmonary artery reach 
its maximum when the aortic’ pressure is falling, but very frequently 
at_ the moment when the aortic pressure begins to fall the rise of 
pressure in the pulmonary artery (which up to now, although con- 
siderable in amount has been gradual in its course) undergoes a sudden 
- increase, so that it quickly reaches its maximum. 

Before discussing these results further, we will consider shortly the 
changes of pressure in the pulmonary vein during asphyxia. (Fig. 19.) 

When these observations are made with a mercurial manometer, it 
is observed that notwithstanding the great rise in the aortic pressure, 
the pressure in the left auricle rises very little indeed, in fact frequently 
undergoes no appreciable change until towards the end of the aortic 
rise, then owing doubtless to the very great increase in the blood 
pressure of the systemic arteries a back effect is produced through the 
cavities of the heart and hence the intra-auricular pressure rises. Hence 
if mercurial manometers are connected to the pulmonary artery, 
pulmonary vein and to the carotid artery, it can be seen that during © 
asphyxia considerable rises of pressure occur in the first and third 
manometers before any marked rise can be detected in the manometer 
connected with the pulmonary vein. 

The most important observation on the changes of ‘pressure 
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produced in the left auricle during asphyxia is the one, that syn- 
chronously with the fall of pressure in the aorta towards the end of 
asphyxia, there is a sudden and very considerable rise of pressure in 
the left auricle’ and this increased intra-auricular pressure persists 
until just before death. This rise of pressure in the auricle as 
measured by a cannula inserted into the central end of a pulmonary 
vein is always considerable and frequently amounts to as occa as 
11 mm. Hg. 

Synchronously with this sudden rise of the intra-auricular pressure 
there is a sudden increase in the height of the blood pressure in the 
pulmonary artery which until this moment has been increasing 
gradually, slowly and synchronously with the asphyxial rise in the 
systemic vessels, 

We may sum up the changes of pressure produced by asphyxia as 
follows: 

‘ In the aorta a great rise followed by a gradual fall. 

In the pulmonary artery a considerable rise beginning synchro- 

nously with the aortic rise, but overlasting it and then falling 
gradually. 

| In: the left auricle very little effect during the aortic. rise, but 

synchronously with the aortic fall a great and sudden rise persisting 

till death. 


7th dorsal nerve. (Fig. 17.) 


Division of the spinal cord at this level separates most of the 
systemic vessels from the vaso-motor centre, but inasmuch as the 
upper dorsal roots are intact, the lung vessels are still connected to the 
vaso-motor centre, and ‘hence this section enables us to determine 
whether the rise of pressure in the pulmonary artery during asphyxia 
is of direct and active origin, or whether it is purely passive and 
dependent entirely upon the systemic rise of pressure. 

After division of the spinal cord at this level asphyxia no longer 
causes any marked rise of pressure in the aorta, the usual rise 
observed being some 10 or 15 mm. Hg. or even less*, The Traube 
curves are however seen on the blood pressure trace, although not so 


1 This rise of pressure was also observed independently of our work by Dr Martin 
and published in the Proc. Roy. Soc. 1889. 
- 2 The spinal section in these experiments was made only a few minutes before the 
Observation of the effects of asphyxia. was carried out, 
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well marked as when the cord is intact and the asphyxial rise of 
pressure is great. The fall of aortic pressure at the end of asphyxia is, 
if anything, rather more sudden in its onset and rapid in its course 
when asphyxia is produced after this preliminary division of the 
spinal cord. On the re-establishment of artificial respiration the 
aortic pressure rises rapidly to its previous height or it may even 
slightly exceed this. 

| Thus the effects of asphyxia on the systemic vessels are Siclielj 

modified by the spinal section as would of course be expected. 

The changes of pressure produced in the pulmonary artery by 
asphyxia after this section of the spinal cord are however very similar 
to those observed with the intact cord, with the exception that the 
further rise of pulmonary pressure synchronous with the aortic fall and 
described above does not occur. In other words the pulmonary pressure 
rises gradually and evenly, reaches a maximum and then gradually 
declines. The maximum is reached at a time when the systemic 
pressure is falling rapidly and the fall of pulmonary pressure is far 
more gradual than the aortic fall. The rise of pressure in the 
pulmonary artery is very considerable, thus the pressure may be 
doubled and this notwithstanding the fact that the synchronous aortic 
rise is insignificant in amount, so that the pulmonary rise may not only 
be relatively but also absolutely greater than the concomitant aortic 
effect. Thus to quote an experiment illustrating this point: the rise 
in aortic pressure as the result of asphyxia after section of the cord 
between the 6th and 7th dorsal nerves was 6 mm. Hg,, ie. from 
117 mm. Hg. to 128 mm. Hg. The pressure in the pulmonary artery 
rose from 14 mm. Hg. to 26 mm. Hg, : 

We see from these observations that the asphyxial rise of pressure 
in the pulmonary artery is but little diminished by the division of the 
cord at this level, notwithstanding the fact that the synchronous aortic 
effect is insignificant in amount, Hence whether the rise in pulmonary 
pressure be due to contraction of the pulmonary arterioles by vaso- — 
motorial action dependent upon excitation of the vaso-motor centre by 
asphyxia or not, it is at least clear that this pulmonary rise is not due 
to the systemic rise ~— os mechanical effects on the lung 
circulation. 


(C.) After division the splanchnic nerves. 16) 


Division of the splanchnic nerves does not affect such a large 
vascular area as division of the cord at the level of the 7th dorsal, and 
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hence the effects of asphyxia on the systemic vessels are quite marked, 
notwithstanding the fact that almost all the vessels of the viscera are 
no longer connected to the vaso-motor centre. The rise of pressure in 
_ the systemic vessels produced by asphyxia after splanchnic section, 
although quite obvious, is far less in amount than that seen prior to 
the nerve section. The rise of pressure in the pulmonary ‘artery is 
however considerable as the following experiment will show. The 
_ splanchnics having been divided, the artificial respiration was stopped, 
the aortic blood pressure rose during the asphyxia from 80 mm. Hg. to 
a height of 100 mm. Hg., the pulmonary blood pressure from 13 mm. Hg. 
to 24mm. Hg. That is to say the pulmonary blood pressure was 
nearly doubled, whereas the aortic pressure rose by only one-fourth of 
its initial height. The rise of pressure in the pulmonary artery was 
here but little less than that to be observed in an animal with an 
intact .vaso-motor apparatus, but the aortic effect was very greatly 
less. | 

This result again coincides with that described in the previous 
‘section, ic. that the rise of pressure in the pulmonary artery during 
asphyxia is not dependent on, or produced by the simultaneous rise in 
the systemic arteries’. 


(D.) After division of the spinal cord below the medulla. (Fig. 18.) 


_ A few observations were made on the effects of asphyxia on the two 
circulations after division of the spinal cord at the level of the neural 
arch of the atlas. By this operation the pulmonary vessels would be 
deprived of vaso-motor control, if our conclusions fully described above 
are correct. After this operation asphyxia produces only small rises of 
pressure in the aorta and pulmonary artery very different to the effects 
described in sections B and C. Thus, to quote an experiment of this 
character, after the complete division of the cord at the level of the 
atlas, the aortic pressure amounted to 67 mm. Hg. and the pulmonary 
pressure to 12mm. Hg. On the cessation of the artificial respiration 
the aortic pressure rose to 75 mm. Hg. and the pulmonary pressure to 
16mm. Hg. This rise of pressure in the pulmonary artery is small 
compared to that seen in asphyxia, produced (a) with the vaso-motor 
system intact, or (b) after section of the cord at the 7th dorsal, or 
(c) after division of both splanchnics. Under all these three conditions 


) 1 In all experiments involving the splanchnics these nerves were exposed by excising 
the of the last rib and the nerve reached just above fhe diaphragm. 


AS 
4 
a 


J. R. BRADFORD AND H. P. DEAN. 


the pulmonary blood pressure is approximately doubled during asphyxia, “. 
whereas when the cord is divided below the medulla, the maximum 
pulmonary rise amounts to an increment of one-third of its initial 
height. 

‘We conclude, from these observations, that the pulmonary blood 
pressure is raised during asphyxia by constriction of the lung vessels 
produced by impulses reaching these vessels from the vaso-motor 
centre, and leaving the spinal cord by nerve roots above the level of 
the 7th dorsal nerve. 

The smaller rise of pressure in the pulmonary artery produced by 
asphyxia after section of the cord below the medulla, may be due to a 
direct action of the venous blood on the walls of the pulmonary 
arterioles. We have however no experimental evidence to adduce as 
to its mode of production, and possibly the changes produced in the 
venous system by asphyxia may have a share in its causation. Our 
present purpose however is only to show that, in order for the usual 
and considerable rise of pressure, seen during asphyxia in the pul- 
monary artery, to take place, it is essential that the vaso-motor centre 
and the upper dorsal region of the spinal cord be both intact. 

In discussing the results of asphyxia on the pulmonary circulation 
several distinct and separate problems have to be considered. 

(1) Is the initial rise in the pulmonary pressure dependent upon 
constriction of the pulmonary arterioles, or is it a result dependent 
simply on the systemic changes? These systemic changes might affect 
the pulmonary circulation either by the production of a communicated 
back effect, or else by an increased input occurring through the veins 
into the right side of the heart. This last effect would depend on the 
constricting effects of asphyxia not affecting all the systemic vessels 
equally. 

(2) Is the final rise of pulmonary pressure associated with the 
carotid fall, both depending upon some common cause, e.g. failure of 
the left side of the heart, or is the pulmonary rise the cause of the 
carotid fall, or finally is the carotid fall the cause of the pulmonary rise? 

It will be more convenient to consider this second question first. 
It has been asserted that towards the end of asphyxia the constriction 
of the systemic vessels suddenly gives way, and that as a result a large 
quantity of blood is propelled towards the right side of the heart, thus 
raising the pulmonary pressure. There is however no experimental 
evidence to justify this view, as plethysmographic observations of the 
kidney, spleen, brain, fore- and hind-limbs show no such sudden 
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alteration in the vessels at the end of asphyxia. Coincidently with the. 
fall in aortic pressure the volume of all these organs undergoes a great 
diminution. 

The same is true of the intestinal vessels; direct observation of these 
has not shown that any expansion of the constricted vessels occurs. 
Hence the view that the fall in aortic blood pressure is dependent 
upon this sudden diminution of the peripheral resistance is untenable, 
and hence the continued pulmonary rise is not to be explained in this 
manner. The view that the continued pulmonary rise is dependent upon 
a continued and increased constriction of the pulmonary arterioles is one 
that deservés more attention, and is one that has obtained many advo- 
cates, who explain the carotid fall as dependent upon this constriction of 
the pulmonary arterioles diminishing the input of blood into the left side 
of the heart. This view, however, although @ priori fascinating, is 
untenable in the light of the observations on the changes of pressure in 
the pulmonary vein and left auricle during asphyxia. It is obvious at 
once that if the carotid fall were dependent upon a diminished flow of 
blood through the lung vessels (owing to their continued and increased 
constriction), the pressure in the left auricle and pulmonary veins 
would also fall. On the other hand we have seen that this intra- 
auricular pressure rises markedly at the moment that the aortic and 
therefore the left intraventricular pressure falls. Again, the effects of 
asphyxia on the muscular coat of the arteries are dependent mainly if 
not entirely on the excitation of the vaso-motor centre, and that being 
the case there is no reason for supposing that the effect in one set of 
vessels would overlast that in another, unless the constriction produced 
in one set of vessels were so great that the heightened tension so caused 
should produce passive distension of other vessels. This argument 
however is unnecessary, inasmuch as the direct experiment on the intra- 
auricular pressure settles the question. Hence we see that neither an 
alteration in the systemic vessels causes the systemic fall and the pul- 
monary rise, nor does the pulmonary rise cause the systemic fall. 

The third possibility remains that both the effects are dependent 
upon the failure of the left side of the heart and more especially the 
failure of the left ventricle. It is clear that if the left ventricle fails 
before the right that the blood pressure would fall in the systemic 
arteries, and that it would rise in the right side of heart, the pulmonary | 
artery and pulmonary veins. That this is the true explanation of the 
final rise of pressure in the lung vessels is shown first of all by the con- 
sideration of the pressure results mentioned above, and secondly by the 
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effects following the re-establishment of artificial respiration. The 
sudden rise of pressure in the left auricle and pulmonary veins towards 
the end of asphyxia is readily accounted for by the failure of the left 
ventricle, since inasmuch as the blood sent to it is no longer being 
expelled, it would accumulate rapidly in the left auricle and so produce 
the final rise of pressure in the pulmonary vessels. 

On readmission of air by the establishment of artificial respiration 
towards the end of asphyxia the following changes in the blood 
pressure of the aorta, pulmonary artery and vein occur. The first 
two or three inflations produce little or no effect then, as is well known, 
' the aortic pressure undergoes a great and an exceedingly sudden rise, 
the maximum point of the curve being far above the previous asphyxial 
rise. Then a gradual fall of pressure occurs, but the blood pressure 
remains slightly above its normal and initial height for some little 
time. Synchronously with this great and sudden aortic rise there is a 
similar great and sudden rise of pressure in the pulmonary artery, which 
is quite as large relatively as the systemic effect, ang-coincidently with 
this rise in the pulmonary. artery, there is a fall rather gradual in 
character in the pressure of the left auricle. Plethysmographic obser- 
‘vations also throw some light on the nature of the effects produced by 
this re-establishment of artificial respiration. In the case of the limbs 
a great expansion occurs synchronously with the rise of blood pressure, 
and the volume of the limb returns gradually to its previous size with 
the fall of blood pressure. On the other hand, with the kidneys or 
spleen the case is different; here no effect is produced on the volume 
of the organ by the great rise of blood pressure, but with the fall the 
constriction of the renal or splenic vessels, produced by the asphyxia, 
gives way, and the organs return gradually by a slow expansion to their 
previous volume. Thus it is clear that the limb circulation is affected 
differently to the visceral circulation by this great rise of systemic 
pressure, and looking at these facts along with those described above as 
occurring in the pulmonary circulation, we think the following is the 
explanation. With the re-establishment of the respiration the left side 
of the heart recovers its physiological activity and begins to beat with 
increased force. In this manner the blood previously commencing to 
stagnate in the left side of the heart and in the lung vessels is pumped 
into the systemic vessels, but owing to their constriction the peripheral 
resistance is very great, and hence the blood pressure is very high, since 
the peripheral resistance is the same as during the asphyxia, but the 
_ force of the cardiac beats is greater. The high blood pressure produced 
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_ mainly by the splanchnic resistance overcomes the feebler constriction 
of the limb vessels (and no doubt of others also), and hence causes 
dilatation of these vessels. The heightened blood pressure and the 
_ dilatation of these limb vessels amongst others, lead to an increased 
input of blood into the right side of the heart through the venous 
system, and thus the. sudden and temporary increase in the pressure in 
the pulmonary artery is brought about. No doubt the respiration 
increases the activity of the right side of heart as well as that of the left — 
side of heart, and so the pulmonary blood pressure may be heightened, 
but if this were the sole or even the principal cause, it would not account 
for the fall of pressure in the left auricle following the re-establishment 
of artificial respiration; this must be dependent upon the increased 
activity of the left side of the heart. It has been supposed by some 
that the heightened systemic blood pressure following re-establishment 
of respiration, is due to the sudden removal of the obstruction which 
had been caused by the constriction of the pulmonary arterioles. As 
already discussed above this view does not explain the increased 
intra-auricular tension occurring at the end of asphyxia, since if this 
left auricle received less blood than normal, no failure of its muscular 
power could very well lead to such a sudden and considerable increase 
in the pressure of the blood within it, as is seen to occur from direct 
observation. | 

Thus, to sum up, we think that the continued rise of pressure in the 
pulmonary vessels at the end of asphyxia associated with the fall in 
aortic pressure is due to failure of the left side of the heart, and more 
especially to failure of the left ventricle. 

There still remains the first question, ie. Is the initial rise of 
pulmonary pressure dependent upon active constriction of the pul- 
monary arterioles or not? This of course opens up again the whole 
question of pulmonary vaso-motor nerves, and therefore the only points 
to be discussed now are the questions as to whether, in the asphyxial 
process, the vaso-motor nerves whose existence we have demonstrated in _ 

the earlier part of this paper are excited, or whether the phenomena are 
_ dependent simply upon certain mechanical interactions, taking place 
between the lung and systemic circulations. It is clear that the 
gradually increasing peripheral resistance developed during asphyxia 
is a phenomenon that might readily lead to the accumulation of blood 
in the pulmonary system, and thus there would not be any necessity to 
invoke any further and active mechanism such as the constriction of 
the lung vessels in order to explain the rise of pressure in the pul- 
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monary artery during asphyxia. Further the facts that all vessels are 
not equally contracted during asphyxia, and that the cutaneous vessels 
(Dastre and Morat), the brain vessels (Roy and Sherrington), and the 
limb vessels! dilate, afford some support to those who argue that the 
increased blood pressure would lead to an increased input of blood into 
the right heart. That, under certain conditions, this unequal peripheral 
constriction may lead to a sudden rush of blood to the right side of the 
heart’ is shown by the experiment quoted above, as demonstrating the 
increased input of blood occurring when the respiration is again started 
during the last stages of asphyxia. The conditions then however are 
very different to those existing at the commencement of asphyxia. At 
the end of asphyxia the blood is accumulating in the heart cavities and 
in the venous system, and the increased vigour of the left ventricle 
produced by the re-establishment of the respiration is capable of 
pumping on this stagnating blood. In other words, there is momen- 
tarily an increased force available for the circulation, since for a time 
the peripheral resistance remains very high and the central pump 
recovers its strength. In the early stages of asphyxia it is different, 
the peripheral resistance in certain areas is increased owing to con- 
striction, i.e. kidneys, spleen, intestines, but the increased blood | 
pressure so produced is producing dilatation elsewhere, i.e. brain, 
limbs, etc. and thus although certain observers’ believe that under 
these conditions an increased flow to the heart occurs, yet their experi- 
ments are not in our opinion conclusive. For in the first place it must 
be shown that the increased flow through certain areas not only exists, 
but that the increase is greater than the simultaneous diminished flow 
through other areas. Secondly, it must be remembered that in the 
intact animal there is a back effect transmitted from the aorta through 
the heart cavities and pulmonary circulation to the venous system 
which would tend to check any increased venous flow towards the 
heart. All these matters however are largely questions of the different 
interpretation of experimental facts, so that we will turn now to more 
conclusive evidence derived from direct observation. 

In the first place all through this paper we have shown that the 
pulmonary effect is not proportionate to the rise of systemic pressure, 
and this is equally true of the asphyxial rise. Thus excitation of the 
lower end of the spinal cord divided at the 7th dorsal nerve produces, as 
we have seen, effects on the systemic pressure quite as great as any 


1 Experiments by Mr Bayliss and one of us (J. R. B.) to be published shortly. 
2 Compare Slavianski. Ludwig's Arbeiten, 1878. 
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produced by asphyxia, but the accompanying pulmonary effect is, as we 
have seen, insignificant, whereas in asphyxia the pulmonary effect is 


Secondly, when the pulmonary effect is simply mechanical and 
dependent entirely on some systemic effect, e.g. aortic compression, 
excitation of the lower end of the divided cord, the two effects are not 
synchronous, the systemic rise of pressure precedes the pulmonary rise. 
In asphyxia the rises of pressure in the two circulations occur at the 
same time, and this is readily understood if they are both due to 
excitation of the vaso-motor centre producing constriction of the 
_ pulmonary and systemic vessels. 
| Thirdly, the experiments quoted above on the effects of asphyxia 
on the two circulations after section of the splanchnic nerves and after 
division of the spinal cord at the level of the 7th dorsal nerve, show 
that the pulmonary rise is not dependent upon any accompanying 
aortic rise. | 

Fourthly, the experiments after division of the cord below the 
medulla so as to eliminate the share taken by the vaso-motor system 
in producing the rise in pulmonary blood pressure, show that the rise 
in question is of active origin, and is not due to any passive distension 
of the lung vessels. 

We think that these observations show that the rise of pressure in 
the pulmonary artery during asphyxia is of mixed origin. In the first 
place there is an active constriction of the pulmonary vessels producing 
an early rise of pressure synchronous with the accompanying systemic 
rise. The persistent and final pulmonary rise has however a different 
origin, being produced mechanically by a transmission (back through 
the heart cavities) of the increased systemic tension, owing probably to 
dilatation and failure of the left ventricle, so that the blood is no longer 
pumped out into the aorta but accumulates in the heart cavities, and 
more especially on the right side. 


X. INFLUENCE OF. CERTAIN DRUGS ON THE PULMONARY CIRCULATION. 


Ergot. The action of this drug is of considerable interest from the — 
frequency with which it is used clinically to restrain hemorrhage from 
the pulmonary vessels. In our observations a solution of ergotin was 
injected into the jugular vein in doses usually of 1 grain. The injection 
is followed by a considerable but transitory fall in the systemic pressure 
followed by a prolonged, gradual but slighter rise of systemic pressure 
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dependent as shown by plethysmographic observations on constriction 
of the arterioles. The pressure in the pulmonary artery undergoes no 
fall during the fall of aortic pressure, on the contrary there is a distinct 
though slight rise of pressure, which is however maintained. Hence 


_ the principal fact is that the fall of systemic pressure is associated with 


a rise of pressure in the pulmonary artery, so that in the early stages 
of the action of this drug, the changes produced in the blood pressure 
curves closely resemble those obtained by excitation of the peripheral end 
of the third dorsal nerve. In both cases a systemic fall is accompanied 
with a pulmonary rise, but in the case of ergot the carotid fall is more 
marked and the pulmonary rise less marked than when the third 
dorsal nerve is excited. 

We are unable to say whether these effects are due entirely to an 
action of the drug on the heart leading to some impairment in its 
efficiency as a pump, or whether there is in addition any constriction 
of the pulmonary arterioles, in other words, whether the pulmonary 


_ Tise is entirely passive or whether it is in part or entirely active. The 


fall in systemic pressure is probably too considerable in amount to 
be dependent entirely on constriction of the lung vessels, inasmuch 
as the rise of pressure in the pulmonary artery is only small. In 
order to settle this point, however, further observations are needed 


- as to the action of ergot on the heart and more especially perhaps 


on the left side of the heart. The following experiment will show the — 


usual effects following the injection of 1 grain of ergotin into the 
jugular vein. The pressure in the pulmonary artery prior to the 
injection of the ergotin was 16 mm. Hg., the aortic pressure amounted 
to 120 mm. Hg., 23” after the injection began (the actual injection 
occupied 9”) the blood pressure in the pulmonary artery reached its 
maximum of 20 mm. Hg., and 5” later the aortic pressure fell to its 
minimum of 85 mm. Hg., subsequently rising gradually to a height 
of 130 mm. Hg., the pulmonary pressure falling from its maximum of 


20 mm. Hg. to 18 mm. Hg. Thus the aortic pressure fell to two-thirds | 


of its initial height, whereas the pulmonary pressure rose to a height 
exceeding its initial height by one-fourth. 
Thus ergot causes a material and persistent increase in the pul- 


monary tension, whereas it has a mixed effect on the systemic blood 


pressure. 

The value of the drug in hemoptysis must of course be decided on 
the results following its use clinically, if any reliable results can be 
obtained from the study of such an affection as hemoptysis, which 
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so frequently terminates spontaneously. It is clear, from the above 
observations, that from a pharmacological point of view ergot is scarcely 
likely to benefit a condition like hemoptysis inasmuch as the drug 
distinctly raises the pulmonary blood pressure. 

In connection with this point it must be remembered that, where 
ergot is undoubtedly efficacious, i.e. uterine hemorrhage, the action 
of the drug is on the uterine muscle and the hemorrhage is thus 
arrested, not by any direct constriction of the vessels but purely 
indirectly by the muscle of the uterus contracting the uterine sinuses. 

Digitalin. The effects produced by this drug on the pulmonary — 
blood pressure are essentially similar to those produced by it on the 
systemic tension. That is to say, in both cases there is a considerable 
rise of pressure, and the only point of interest is that the rise in the 
pulmonary artery is very considerable although quite gradual in its 
course just as the systemic effect is a gradual one. 

Strophanthin. This drug presents the same contrast to digitalin 
in its action on the pulmonary circulation as it does in the case of the 
systemic circulation. That is to say, that although the cardiac effects 
of the two drugs are very similar, strophanthin does not lead to 
constriction of the systemic arterioles and hence the rise of blood 
pressure produced by it is very moderate in amount. The same is 
true in the case of the pulmonary circulation; the pressure in the 
pulmonary artery undergoes but a very slight rise even when full 
doses of the drug are used. 

Aconitine. This drug produces a marked fall of peewure both in the 
systemic and pulmonary arteries. 

Nitrite of Amyl. This drug produces essentially similar results 
whether it be given by inhalation or by injection into the jugular vein. 
In both cases as is well known there is a great and sudden fall in the 
systemic pressure and then a more gradual return towards its former 
height. The return is more rapid and more perfect after inhalation 
than after intravenous injection. Along with the vaso-motor effect 
there is considerable cardiac acceleration, which is rather more per- 
sistent than the lowering of systemic tension, hence when the aortic 
blood pressure has all but returned to its initial height there is still 
considerable cardiac acceleration. The effects of amyl nitrite on the 
pulmonary blood pressure are however very different, the inhalation or 
injection of this drug is followed by a marked and sudden rise of 
pressure in the pulmonary artery. This initial and very sudden rise of 
pulmonary pressure accompanies the equally sudden systemic fall. 
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This rise of pressure in the pulmonary artery is followed by a more - 
gradual return towards its previous height, but just as the systemic | 
blood pressure tends to remain at a lower level after the administration 
of amyl nitrite, so the pulmonary blood pressure tends to remain at a 
higher level. Hence the curves of the effects on the two circulations 
are the reverse of one another. This result is still better seen if two or 
three doses of amyl nitrite be injected successively. Under these 
circumstances each injection is followed by a fall of systemic pressure 
and a rise of pulmonary pressure, only the effects are more persistent 
after each additional dose, hence it is possible to so lower the systemic 
pressure and so heighten the pulmonary that the two pressures may be 
within a few millimeters of one another. In one or two cases it has 
been actually possible to make the pulmonary pressure higher than 
the systemic by injecting a number of small doses at short intervals. 
This result however is only seen when a large quantity of the amyl 
nitrite has been used and it is soon followed by the death of the animal. 
| The explanation of this action of amyl nitrite is by no means clear. 
The rise of pressure in the pulmonary artery cannot be dependent 
simply on the dilatation of the peripheral systemic arterioles (even if it 
be granted that such a dilatation would lead to an increase of pul- 
monary tension), for the reason that a fall of pressure quite comparable 
in amount to that produced by amyl] nitrite can be readily obtained 
by excitation of the depressor’ nerve fibres, but the accompanying 
phenomena in the pulmonary artery are very different in the two cases. 
As mentioned above, when the depressor effect is large it is accom- 
panied by a distinct fall of pressure in the pulmonary artery, whereas 
with amyl nitrite a similarly large fall is accompanied by a very 
distinct and relatively very large pulmonary rise. It seems to us that 
the amy] nitrite must in addition act on the heart in such a manner as 
to weaken the efficiency of the left side of the heart so as to lead to 
the accumulation of blood on the right side. If the rise of pulmonary 
pressure was dependent simply upon an increased input of blood into 
the right side owing to the systemic dilatation, the effect ought to 
be present when the depressor nerve is excited whereas it is not. In 
order however to decide this matter, further observations as to the 
action of this drug on the heart are needed. 
Nitroglycerine. This drug produces much the same effects as 
amyl nitrite, only these effects are produced more gradually, and both 
the systemic fall and the pulmonary rise are more persistent. 


1 In the dog the central end of the vagus frequently yields typical depressor results. 
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Chloroform inhalation prodaves a gradual fall-in the pulmonary. 
blood pressure resembling and accompanying the well-known fall seen 
in the aortic blood pressure. 


XI. RELATIONS EXISTING BETWEEN THE PULMONARY AND SYSTEMIC 
CIRCULATIONS AND CONCLUSIONS. 


Having described in detail the effects produced on the pulmonary 
and aortic blood pressure respectively by excitation of the vaso-motor 
system in different ways, we will now summarize the principal facts 
observed. 

One of the most striking phenomena is the comparative inde- — 
pendence of the two circulations. Large oscillations of pressure in the- 
' systemic arteries produce often little or even no effect on the blood 
pressure of the pulmonary artery. 

The pressure in the lung vessels however ohne a rise when the 
increase in the systemic pressure is not only considerable in amount 
but is also of long duration. It has seemed to us that this element of 
time is perhaps of more importance than the actual magnitude of 
the systemic change in determining the production of a pulmonary 
rise. No doubt the absence of any obvious increase in the pulmonary 
blood pressure, with a coincident and large increase in systemic pressure, — 
may be due to the distensibility of the pulmonary vessels, the increase 
of pressure in these vessels being expended in producing their dilatation 
and so not being permanent it is not recorded on the mercurial 
manometer. At the same time no considerable increase can occur, as 
otherwise it would be seen on the trace, since even if dilatation of the 
lung vessels prevented the initial rise being seen, it is clear that this 
passive distension of the lung vessels must soon reach a limit, so that, 
granting the existence of this fallacy, the fact still remains that a great 
increase in the systemic pressure may occur and yet this increase may 
produce but little effect on the pulmonary tension. | 

We think, as mentioned above, that this result is dependent upon 
the efficient working of the left ventricle and of the mitral valve. 
When, however, the aortic tension is greatly increased for some minutes, 
then doubtless the fatigued ventricle is unable to expel its contents 
efficiently, and thus an impediment to the circulation is immediately 
_ produced. Further, with this failure in the activity of the left ventricle 
there is some dilatation and distension of the ventricle, and in this 
manner not only may the output from the ventricle be hindered, 
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but actual regurgitation through the mitral orifice may be produced 
and thus the “back effect” still further increased. 

- This doubtless is the way in which the lung circulation is most 
often affected by changes in the systemic blood pressure, that is to say, 
by the transmission back (through the cavities of the heart) of the 
altered systemic pressure, 

As discussed above, however, it is possible that systemic changes 
may lead to an increased flow through the veins, and thus raise the 
pulmonary blood pressure by an increased input of blood into the 
right side of the heart. Thus, no doubt, a moderate dilatation of 
certain arteries unaccompanied by any great fall in general blood 
pressure might produce this effect. Any considerable fall of pressure, 
such as that produced by the depressor nerve for instance, leads to a 
fall, and not to a rise of pulmonary blood pressure. Even in the case 
of the depressor-like effect following the excitation of the central end 
of certain intercostal nerves, the accompanying pulmonary effect is & 
fall and not a rise of pressure. 

The most striking instance of a rise of pressure in the pulmonary 
artery being dependent upon an increased input of blood to the heart 
is the case of the splanchnic nerve, and more especially when the 
excitation of this nerve yields a double effect on the systemic blood 
pressure, i.e. a rise followed by a fall, the systemic fall being accom- 
panied by a pulmonary rise. It is difficult to see to what this 
pulmonary rise can be due, if not to a temporarily increased input 
of blood to the right auricle dependent upon the constriction of the 
visceral arteries suddenly giving way to dilatation. This phenomenon 
is however quite an exceptional one, and ought not to be compared to 
the dilatation obtained by excitation of the depressor nerve. | 

Hence a rise in systemic pressure may be accompanied by a rise in 
the pulmonary blood pressure produced passively and more or less 
mechanically, or else there may be no pulmonary effect, but a rise in 
systemic pressure is not accompanied by a fall in the pulmonary 
blood pressure. 

A fall in the systemic pressure may produce no effect on the 
pulmonary pressure or the latter may fall if the former effect is large. 
Exceptionally a systemic fall may be accompanied by a pulmonary rise, 
e.g. peripheral end of divided splanchnic. It is of course understood 
that the above statements refer to effects produced on the pulmonary 
circulation by systemic changes produced by such means as not to 
excite the vaso-constrictor fibres distributed to the lung vessels, in 
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other words, they are what we have termed in this paper “passive 
effects.” 

The relations existing between the systemic and pulmonary blood 

pressures are thus indirect and, with the exception quoted above, the 
lung circulation is mainly affected by the systemic changes producing 
“alterations in the intraventricular pressure of the left ventricle. 
It is different however in the case of the effects produced on the 
_ systemic circulation by alterations in the pulmonary, here it is clear 
that the effects should be direct and immediate rather than indirect 
and remote, any considerable constriction of the pulmonary. arterioles 
should lead at once to a diminished input of blood into the left auricle 
and so cause an immediate fall in aortic tension. ' 

There is also another point of difference. It is probably impossible 
to cause, by any single excitation, persistent constriction of all the 
systemic vessels at one and the same time. This is owing to the 
heightened general blood pressure (produced mainly by constriction of 
the visceral arteries) overpowering the constriction in other areas, e.g. 
the limbs, brain etc., and causing these vessels to dilate and thus to a 
certain limited extent the effects of the constriction are counteracted. 
With the lung vessels it is no doubt different and it is probable, 
although our method does not demonstrate it, that by excitation of the 
vaso-motor centre all the lung vessels are constricted, and hence there 
is no such means of relieving the increased tension such as exists in the 
systemic vessels. For these reasons it is clear that any great increase 
in the peripheral resistance of the pulmonary vessels would lead to a 
great fall in aortic tension, provided the systemic vessels were not 
constricted at the same time. We have failed in obtaining any such 
result experimentally as a result of the excitation of nerves, and it © 
is only during asphyxia that these phenomena have been observed by 
us. In asphyxia, with the spinal cord intact, we have given reasons for 
concluding that the aortic fall is not dependent upon the final pulmonary 
rise, but that both these phenomena are dependent upon failure of the 
left ventricle. “In asphyxia, with the spinal cord divided at the level of 
the 7th dorsal, the aortic fall is more probably dependent upon the 
pulmonary rise. Although it is only under these latter conditions that 
a rise in pulmonary pressure accompanied by a great fall in aortic 
pressure has been observed, yet as described fully above, a pulmonary 
rise accompanied by a slight aortic fall is a result frequently obtained 
with the excitation of the upper dorsal nerves, and it must be remem- 
bered that all the methods of excitation employed excited the systemic 
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vaso-constrictor fibres to a greater or less extent, and hence any systemic 
effect dependent upon the pulmonary constriction would be masked, 
owing to the constriction produced in the systemic vessels at the same 
time. 

The two facts that firstly, all the vaso-motor results on the lung 
circulation described in this paper as active, are both relatively and 
absolutely small compared to vaso-motor phenomena as we are 
acquainted with them in the systemic arteries, and secondly, that the — 
systemic circulation is but little affected by the vascular changes of 
active vaso-motorial origin of the lung vessels, seem to us to point to the 
conclusion that the vaso-motor apparatus for the pulmonary circulation 
is but poorly developed compared to the elaborate vaso-motor system of 
the greater circulation. It is one thing however to hold the opinion 
that the pulmonary vaso-motor mechanism is comparatively feeble and 
another to deny its existence as several observers have done. We 
consider that the observations recorded and discussed in the body of 
this paper on the results of excitation, firstly, of the vaso-motor centre 
after section of the spinal cord, and secondly, of the upper dorsal nerves, 
and thirdly, some of the results of reflex excitation, not to mention the 
results of asphyxia, demonstrate the existence of vaso-constrictor fibres — 
for the pulmonary vessels. | | 


APPENDIX. 


Knoll’, in a paper on the relationship existing between the 
systemic and pulmonary circulations, has discussed and criticised our 
preliminary communication published in the Proceedings of the Royal 
Society for 1889. Unfortunately we were not acquainted with this 
paper of Knoll’s until the present communication had been written, 
his objections however have been discussed by us in the body of this 
paper and we think it will be sufficient if we summarize Knoll’s 
criticisms here, 

Firstly. Knoll considers that it is not justifiable to assume that 
any constant relationship exists between increments of aortic pressure 
and any accompanying rise of pressure in the pulmonary artery. He 
considers that the effect produced passively on the lung circulation by a 
rise in aortic pressure depends upon the duration of the latter and also 
upon the condition of the heart muscle. Thus an aortic rise of short 
duration and with a vigorous heart may produce scarcely any effect on 


' Knoll. ‘Grosser und kleiner Kreislauf.” Sitzungsberichte der k. Akad. Wien, 1890. 
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pulmonary tension, whereas the same aortic effect if long continued or 
if the heart be weak and dilated, may produce a far greater rise of 
pressure in the pulmonary artery. We entirely agree with both these 
statements and in fact have likewise insisted on their importance in 
this paper (section XI). Our contention is not that a given aortic 
effect will produce passively a certain rise of pressure in the pulmonary 
artery and that any greater pulmonary rise must be active, but that in 
one and the same animal under precisely similar experimental con- 
ditions, one excitation will produce a marked aortic rise with a small 
pulmonary rise, and that another and different excitation a few minutes 
later will produce a far greater pulmonary rise accompanied by the 
former aortic effect or even by a smaller aortic rise. 

Numerous instances of this have been quoted in this paper and the 
subject discussed at length. 

Secondly. Knoll refers to the difficulty of excluding accelerator 

effects, which as he says was appreciated by us in our preliminary 
communication. This question we have also discussed in the section 
detailing the results of excitation of the upper dorsal nerves. 
_ Thirdly. Knoll does not consider that we are justified in drawing 
the conclusion we do from the medulla oblongata experiments owing to 
the rise of pressure in the pulmonary artery being small. No doubt all 
the. effects ascribed by us to vaso-motorial influence on the lung 
circulation are small. We do not consider that that is a reason for 
doubting the existence of vaso-motor fibres for the lung vessels, although 
no doubt it points to the conclusion that the vaso-motor mechanism of 
the lungs is not so efficient as that distributed to the systemic vessels. 

Tigerstedt* in a recent work makes the following remarks on our 
experiments described in the preliminary communication to the Royal 
Society. “It is clearly shown by these experiments that the rise of 
pressure in the pulmonary artery cannot be regarded as invariably a 
consequence of an aortic rise, for the amount of the former bears no 
direct relationship to that of the latter. But that a proof is afforded 
that vaso-constrictor fibres for the lungs are contained in the upper 
thoracic nerves appears to me not completely made out. It is possible 
that the nerves in question innervate the liver blood vessels, and if 
these vessels contract they must drive blood to the right heart and 
therefore raise the pressure in the pulmonary artery, without necessarily 
raising the aortic pressure in any noteworthy degree. The importance 


Tigerstedt, Lehrbuch des Kreislaufs, 1898, p. 493. 
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of this objection we cannot appreciate until we possess accurate 
knowledge of the action of the nerves in question on the liver.” 

The fact that after section of the splanchnic excitation of the upper 
dorsal roots still causes a rise of pressure in the pulmonary artery would, 
as stated above in section VIL, tend to show that these nerves do not 
affect the lung circulation by the production of any abdominal vascular 
effects and would diminish the force of Tigerstedt’s valuable criticism. 
This of course presupposes that the hepatic vessels receive their nerve ~ 
supply from the splanchnic and Mall’s observations show that this 
nerve at any rate Supplies the portal system. 


EXPLANATION OF PLATES. 


Prare III. 


Fig. 1. Blood pressure in pulmonary and carotid arteries. Vagi cut. 
Spinal cord divided between 6th and 7th dorsal nerves. Lower end of 
spinal cord excited giving enormous rise of pressure in systemic blood 
pressure unaccompanied by any material rise in the pulmonary blood 
pressure. (Compare with Fig. 14.) 

Fig. 2. Ditto. Ditto. Excitation of the vaso-motor centre after section 
of the cord between the 6th and 7th dorsal nerves, showing moderate rise of 
blood pressure in the systemic arteries and considerable rise of blood pressure 
in the pulmonary artery. 

Fig. 3. Ditto. Ditto. Excitation of the vaso-motor centre after divi- 


sion of the 4th, 5th and 6th dorsal nerves on the right side, showing fair rise 
of blood pressure in the systemic arteries and small rise of blood pressure in 


the pulmonary artery. Compare with Figs. 9 and 12. 

Fig. 4. Ditto. Ditto, Excitation of the vaso-motor centre after division 
of the spinal cord below the 3rd dorsal nerve, showing slight rises of pressure 
in the systemic and pulmonary arteries. 

Fig. 5. Ditto. Ditto. Excitation of the peripheral end of the divided 
3rd right dorsal nerve, showing rise of blood pressure in the pulmonary artery, 
slight rise of blood saa in the — arteries and sai cardiac accele- 
ration. 


IV. 

Fig. 6. Ditto. Ditto. Excitation of peripheral end of right 3rd dorsal, 
showing a small rise in the blood pressure of the pulmonary artery and slight 
fall in the systemic blood pressure. 

Fig. 7. Ditto, Ditto, Excitation of peripheral end of right 3rd dorsal, 
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showing a marked rise in the blood pressure of the pulmonary artery accom- 
panied by a small rise in systemic blood pressure followed by a considerable 
fall in systemic blood pressure. ! 

Fig. 8. Ditto. Ditto. Excitation of peripheral end of divided 3rd 
dorsal of the right side after previous section of the right splanchnic, showing 
a rise of blood pressure in the pulmonary artery unaccompanied by any rise 
of systemic blood pressure. 

Fig. 9. Ditto. Ditto. Excitation of the peripheral end of divided 4th 
dorsal, showing moderate systemic rise accompanied by considerable pulmonary 
rise. Compare with Fig. 3. In these two experiments, Figs. 3 and 9, the 
. same animal and the same strength of stimulus were employed. 

Fig. 10. Same animal as in Figs. 3 and 9. Weaker current used, 
showing obvious pulmonary rise with a very small aortic rise, when 4th 
dorsal is excited. 


Puate V. 


Fig. 11. Another similar experiment on the 4th dorsal, moderate aortic 
rise accompanying the pulmonary rise. 

Fig. 12. Same animal as in Figs. 3,9 and 10. Peripheral end of 5th 
dorsal nerve excited, showing considerable rise in the pulmonary blood pressure 
accompanied by a moderate aortic rise, Compare with Fig. 3. 

Fig. 13. Effect of section of both vagi on the pulmonary and aortic 
blood pressure. | 

Fig. 14. Excitation of the posterior columns of the cord at the level of 
the 4th dorsal nerve, showing moderate rise in the systemic blood pressure 
accompanied by a very great rise in the pulmonary blood pressure. (Compare 
with Fig. 1.) In this experiment a reflex effect is produced on the two 
_ circulations, whereas in Fig. 1 the pulmonary circulation was only affected 
mechanically by the effect produced in the systemic vessels. 

Fig. 15. Blood pressure in carotid artery and central end of pulmonary 
vein. Mercurial manometers in both cases. Excitation of central end of 
divided vagus, showing a fall in the left intra-auricular pressure. 


Puate VI. 


Fig. 16. The effects of asphyxia on the aortic and pulmonary blood 
pressure after division of both splanchnic nerves. 

Fig. 17. The effects of asphyxia etc. after division of the spinal cord 
between the 6th and 7th dorsal nerves. ote. In the original tracings from 
which Figs. 17 and 19 have been reproduced the heart beats are perfectly 
distinct, but owing to the fineness of the tracing it has not been possible to 
reproduce them in the plate, 
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Fig. 18. The effects of asphyxia after division of the — cord at the 
level of the axis. 

Fig. 19. The effects of asphyxia on the blood pressure in the pulmonary 
artery and on the blood pressure in the central end of the pulmonary vein. 
Mercurial manometers in both cases. The rise of pressure in the left auricle 
at the end of asphyxia is well seen, also the temporary rise in the pulmonary 
artery following the re-establishment of artificial respiration. — 


In all the above cases the animals were anwsthetized with chloroform 
and morphia and then curarized and in all cases both vagi were divided in 
the neck. All tracings.to be read from left to right. 
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THE VALUE OF SUGAR AND THE EFFECT OF 
SMOKING ON MUSCULAR WORK. By VAUGHAN 
HARLEY, M.D., MRC.P., Teacher of Chemical Pathology, 

: University College, London, and Grover Research Scholar. (Two 
Figures in Text.) 3 


(From the Physiological Institute, Turin.) 


THE metabolic changes occurring in the animal body although beset 
with many difficulties have of late years received much attention, and 
we are now slowly beginning to recognise and follow the chemical 
changes that take place in the continual breaking down and ee 
up of new substances in the process of life. 

The importance of carbohydrates in the production of muscular 
activity has been generally acknowledged by physiologists since the 
important experiments of Voit and Pettenkofer and Voit’. These 
observers showed that within certain limits both in dog and man 
muscular work was capable of taking place without the participation of 
the nitrogenous substances of the organism. 

The chemical changes occurring during muscular activity have been 
investigated not only in the muscles after removal from the body but 
even when still in the animal, and undisturbed by operative inter- 
ference. It has been shown by Ranke’ and Du Bois Reymond’ that 
a contracting muscle becomes acid, and that the acid formed is 
sarcolactic acid. 

The experiments of O. Nasse‘, Briicke and 8. Weiss* have shown 
that the glycogen which is diminished in the muscles during activity 
again accumulates in them during the periods of repose. 

1 Voit. Ueber den Einfluss des Kochsalzes wu. s, w. auf den Stoffwechsel. Miinchen, 
1860. Pettenkoferand Voit. Zeit. f. Biol. Vol. u. p. 459; 1866. 

> T. Ranke. Tetanus, p. 329. Leipzig, 1865. 

3 Du Bois Reymond. Arch. f. d. ges. Physiol. Vol. x11. p. 626. 


+O. Nasse. Ibid. Vol. 1. p. 97. 
5 Briicke and 8. Weiss. Wiener Acad. Sitzungsber. Vol. uxtv. 1871. 
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The later researches of Chauveau and Kaufmann‘ have demon- 
strated that sugar disappears to a far greater extent from the blood | 
supplying an active muscle than when at rest. This they showed by 
analysing the blood going to, and coming from, the masseter muscle of 
a horse during the act of chewing. They found that not only from 2°5 
to 3 times more blood traversed the masseter during activity than while 
at rest, but that a thousand grams of muscle used 0°121 grams of sugar 
during repose, and 0°408 grams while chewing, i.e. four times more sugar 
is used up during activity. In these experiments the difference in the 
quantity of sugar in the analysed arterial and venous blood was not so 
great that it might not be partly due to the necessary errors. Seegen* 
showed that in a dog during struggling the venous blood contained less 
sugar than the arterial. In tetanising the muscles this result was 
reversed, which he considers might be due to the formation of some 
other reducing substance during the stimulation of the muscle. These 
facts seem to show that the carbohydrate (sugar) plays a very im- 
portant réle in the production of muscular energy. 

Moreover the question as to whether or not muscular work can be 
produced by the proteids has still further lost its value, for it is now 
known that not only can carbohydrates be produced out al the proteids 
in the animal body, but even in the test tube. : 

The muscles not only i increase in size by constant use but under the 
wear and tear of exercise the nitrogenous compounds are slowly de- 
_stroyed, and the muscles therefore require proteids both for repair and 
formation of new substance. : 

The above chemical changes, known to take place during muscular 
activity, led me to believe that sugar when taken as food could be 
experimentally demonstrated to be an active generator of muscular 
energy. This fact never having been proved I decided to carry out the 
following research. Since sugar has become so cheap, it might be 
added in large quantities to the dietary of the working man, as a 
promoter of muscular power, and not ~~ be employed as it is at 
present as a mere condiment. 

In order to render the results of the ssiodiiniont eomalusive it was 
necessary to find a means of estimating exactly the amount of work 
done by one particular set of muscles under a variety of conditions as 
regards diet, etc. For this being done it might not be unreasonably 


Vok. crv. pp. 1126 and 1852; 1887. 
2 Seegen. Central f. Physiol. Vol. vil. p. 375; 1893, 


1 Chauveau and Kaufmann. Comptes Rendus, Vol. cm. p. 1057; 1886; Ibid., 
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supposed that the other muscles of the body would act in a like manner 
to those experimented upon. In a series of experiments made on 
myself I employed the ergograph (as invented by Professor Mosso’), by 
which means I was able to calculate the work done by the flexor 
muscles of the middle fingers. 

I desire here to express my thanks to the kindness of Professor 
Mosso in placing his apparatus at my disposal. The experiments were 
carried out in September and October of 1892, in Turin; since then 
confirmatory results have been obtained by Ugolino Mosso. 

While working the ergograph the finger used was made voluntarily 
to contract to its utmost limit, the weight being lifted each time as 
high as possible, all the force being put into each separate contraction. 
The contractions were made every two seconds. The weight used for 
the left middle finger always being 3 kilos, while for the right, as it. was 
found to be able to lift a greater weight, 4 kilos were employed. 

In order that the results might be as accurate as possible, the 
amount of work was calculated in kilogrammeters by two methods. 

Firstly. The total amount of work up to the time of fatigue. 

Secondly. The amount of work accomplished by thirty muscular 
contractions. | 

Throughout the series of experiments, except when specially men- 
tioned to the contrary I daily partook of exactly the same diet, and as 
it had to be continued for a long time it was necessary to have it of a 
mixed character, so as to keep the health unimpaired. 

_ The diet was as follows. 

At 8 am., 2 rusks along with a cup of coffee and milk, without 


At 12.30, soup, beef steak with vegetables and omelette with } liter 
of red wine and a small cup of black coffee. 

At 7 p.m., fried sole, roast beef and vegetables, quail and salad and 
a peach or pear, } liter of red wine and small cup of black coffee. With 
the two latter meals, bread was taken and the quantities of each food 
were kept as nearly as possible the same. 

When working the ergograph between each experiment a period of - 
two hours was allowed to elapse. I found like Maggiora’® that it 
required about two hours for the muscles to regain their working power 
after having been exhausted by fatigue. I further found, as he did, that 

1 The description of the instrument employed is given in Arch. Ital. de Biologie, 


Vol. x11. p. 128; 1890—while a fuller paper is given Arch. f. Anat. u. Physiol. p. 89; 1890. 
2 Arnaldo Maggiora. Arch, Ital, de Biologie, Vol. x11. p. 187; 1890. 
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if the fatigued arm was massaged for a few minutes the period of rest 
necessary to restore the working power of the fatigued finger was very 
markedly diminished. 

It is of equal interest to notice that during the first few days of 
working with the ergograph I found that the will force did not attain 
immediately its full amount of power; the weight not being lifted to 
its maximum height by the first muscular contraction, in some cases, 
not even attaining its maximum until the third or fourth contraction. 
I noticed the curious fact that if I thought over it before attempting to 
make the contraction, the maximum was reached with the first contrac- 
tion. The delay in obtaining the highest contraction was always more 
marked with the left than the right hand. This may be accounted for 
by my being right-handed. After my left hand became accustomed to 
using the ergograph I obtained the maximum power with the first 
contraction. It appears as if the will had to be trained to immediately 
yield its maximum nerve stimulus. 

At first very irregular contractions were obtained instead of getting 
the gradual decline in force with each successive contraction as occurs 
in typical fatigue curves. 

In my own case, as was the case with Gonihaxd: even when the 
fatigue was so great that the will only responded in the shape of a 
feeble muscular contraction, the weight being only just moved, not 
raised, on continuing, so to speak to force the will, the weight was again 


raised a little, and each successive contraction raised it higher and higher 


for from 4 to 8 contractions, when it again began to diminish. In 
some cases this result could be obtained as many as five or more times. 
In these instances profuse sweating especially of the hands occurred. 
Sometimes the sweating was most marked on the hand and arm in use, 
but as a rule both sides were equally affected. 

It is necessary to mention that in consequence of finding, as above 
stated, that there were such well marked successive alternative periods 
of exhaustion and restoration of the muscular power, the amount of 
work done was reckoned only up to the first onset of exhaustion. 


Diurnal variations in the quantity of work performed. 


That the amount of work done by the same set of muscles at 
different times of the day varied, was shown by Lombard’, and the 


1 Warren Lombard. Arch, Ital. de Biol, Vol. x11. p. 371; 1890. 
? Warren Lombard, This Journal, Vol, xm. p. 1; 1892. 
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result of my experiments tends to confirm the fact of there being a 
diurnal rise and fall in the power of doing voluntary muscular work, in 
the same way as there is a diurnal rise and fall in bodily temperature, 
pulse, etc. In order to show this plainly I have put together in the 
following chart (Chart I.) the average amount of work done in the space. 
of 12 hours during six days by the right middle finger in raising a 
weight of 4 kilograms and by the left a weight of 3 kilograms, the 
food being always taken at the same hours and the same kind of diet 
strictly adhered to on all three days’. 


TABLE SHOWING DIURNAL RISE AN D FALL IN VOLUNTARY MUSCULAR POWER 
ON ORDINARY DIET. 


e occu con ons, 
Seconds Kilogrammeters Kilogrammeters 
9 a.m. 110 6°202 3°849 
10:3; 118 6-428 3°952 
138 8°743 4-932 
4, 118 6-993 
1 p.m. 144 9-520 5-643 
138 8-203 4-950 
156 9-895 5-313 
142 4°509 
152 8-882 4-992 
124 8-663 4-662 
122 7°206 4-589 
8°780 5-011 


Instead of the greatest amount of work being done, as one would 
have expected, on rising in the morning after a good night’s rest, it is 
here seen that at 9 a.m. the smallest amount of work was accomplished, 
and still further the power of doing muscular work increased each hour 
up toll am. Immediately after lunch there is a marked rise (1 p.m.) 
followed within the next hour (2 p.m.) by a fall; while an hour later, 
that is to say at 3 p.m., the amount of work accomplished reached the 
maximum, which for some unexplained] cause was speedily followed by 
a notable fall at 4 p.m., again to be succeeded by a rise at 5 p.m., 
after which a progressive fall took place during each successive hour 
until dinner. That these alternative rises and falls in the muscular 
power cannot be accounted for by diet alone is rendered apparent by 


1 Dinner taken at 7.10 p.m. 
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the fact that the morning rise continued up to 11 a.m. though the — 
breakfast was very light and taken at 8 a.m. 


Cuart I. Diurnal Variation in Voluntary Muscular Work. Ordiuary 


diet, Average of 6 days. 


The upper continuous line indicates—total work. 


The broken a »  —time before fatigue set in. 
The lower continuous _,, »» work accomplished by 30 contrac- 
tions. 
a.m. p.m. 
9101112 1 
10:00 158 
75 156 
50 Ls 154 
25 ise 
9-00 i} 150 
75 t| 148 
Ih A 146 
75 140 
7-00 |_| |: as4 
25|_ 188 
6:00 oe | 126 
‘50 122 
25 EN 120 
5-00 \ 118 
25 112 
4:00 / 110 
3°75 j | 108 
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_ Maggiora’ showed that muscular exhaustion, caused by fasting, 
disappeared immediately on taking food and that it cannot be said to 
be due to a cerebral reflex action, as electric instead of voluntary 
stimuli showed the same effect. He consequently concludes that even 
a small absorption of food and its assimilation is sufficient to supply 
material to the muscles. The fact of the maximum amount of work 
being accomplished at 3 p.m.—2$ hours after lunch—might be due to 
the principal part of the nourishment having by this time been 
assimilated. But why there was a diminution in the muscular power 
at 2 and 4 p.m. I am at a loss to explain. 

The fall at 5 to 7 again may be thought to be due, in part at least, 
to the want of nourishment; while the rise at 8 p.m. is readily 
accounted for by the restorative effects of dinner. In the chart (Chart L) 
it is seen that the time before fatigue set in rose and fell with the total 
work done. 

The work accomplished as calculated by 30 voluntary sealcastboté, 
that is to say in 1 minute, exhibited a corresponding rise and fall. 

The diurnal variations in the muscular power are points of much 
importance in drawing conclusions from the results of an investigation 
on the value of sugar in increasing voluntary muscular power, as it 


Cuarr IL Diurnal Variation of Voluntary Muscular Work. Fasting 


Day. 
Average of two hands, 
The upper continuous line indicates—total work. 
The broken »  —time before fatigue set in. 
The lower continuous __e,, » work accomplished by 30 contrac- 
tions. 
a.m. p-m. 
9101112 1 2 3 4 5 6 
4°00 88 
25 \ 84 
50 weds \ 80 
25 | 76 
3:00} \ 72 
75 68 
‘501 | 64 
2.25 60 


1 Maggiora. Loc. cit, 
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shows the absolute necessity of strictly comparing the amount of work © 
done at precisely the same hours of the day if errors in its appreciation 
are to be avoided. The value of this remark is particularly noticeable by 
the marked increase in muscular power which occurs in the afternoon. 
In the series of experiments made during a 24 hours’ fast, it was — 
still found that more work was done from 11.30 a.m. to 4.30 p.m. than 
at 9.30 am. The experiments were however scarcely sufficiently 
numerous to admit of definite conclusions being drawn from them. 


TABLE SHOWING DIURNAL RISE AND FALL IN VOLUNTARY MUSCULAR POWER. 


Average of work done by right and left middle finger on day without 
food. 


Time before Work accomplished 
Time of day _| fatigue occurred. Total work. | by 39 sateaalicns. 
Seconds ilogrammeters 

9.30 a.m. 3408 3°372 
Fee 82 3°922 3°193 
Lao, 81 3°997 3°203 
69 3°947 3°488 


Another point was to ascertain the effects of regular exercise, 
independently of food, on muscular energy, for it is well known that the 
exercise of a given set of muscles causes them to increase in size and at 
the same time renders them capable of performing more work. This 
physiological gain in muscular power was well marked in my ex- 
periments, as the same set of muscles were always exercised by the 
ergograph. 


TABLES SHOWING THE INCREASE OF MUSCULAR POWER AFTER 42 DAYS OF 
REGULAR EXERCISE. The work accomplished by the left middle finger in 
raising a weight of 3 kilos. On full diet and no smoking. 


| Time during | Total work | Time during Total work |Gain in force. 
Time of day | which weight | done in kilo- | which weight done in kilo- | Kilogram- 
lifted. Seconds’ grammeters }lifted. Seconds, grammeters meters 


| 
9.30 a.m. 108 5°691 140 -| $904 + 1-758 
116 5-883 148 8787 +1913 
1.30 p.m. 100 5°538 8-049 +2511 
3.30 ,, 136 5-952 154 7755 =| +1°803 
5.30 ,, 104 5-808 112 6-795 + 0°987 
Total 564 28°872 634 37844 + 
| = 24 p.c. 
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The total amount of work done during the day is seen to have 

increased from 28°872 to 37844 kilogrammeters. That is, there was a 
total increase of 24 p.c. of muscular energy. 

| At the same time it shows that the period at which fatigue came on 

_ was retarded from 564 to 634 seconds. The work done by the right 

hand yielded practically the same results. 

In consequence of this, two days were always chosen for comparison, 
in the following tables, with only a short interval between them. 
Further when it was desired to be very accurate a day’s interval was 
given between each work day so that neither the element of fatigue nor 
the influence of diet might vitiate the results obtained. 


Influence of Sugar on Muscular Energy when taken by itself. 


In order to get a definite answer to the question, is sugar actually a 
muscular food? I determined to ascertain the difference in the muscular 
energy on two consecutive days of fasting, nothing but water being 


TABLE COMPARING THE EFFECT OF FASTING WITH SUGAR ALONE. [Increase of 
muscular power during 30 voluntary contractions by taking 500 grams 
of sugar, 200 grams at 8.30 a.m., 100 each at 11 a.m., 2 p.m. and 5 p.m. 


Fasting 500 grams of sugar 
Kilogrammeters | Kilogrammeters 
Weight. Gain in work. 
Time of da. Arm f work by 30 f work by 30 ; 
Kilos | ‘contractions | contractions | Kilogrammeters 
9.30 a.m. | Left 3 | 38372 + 1-080 
11.30 3°273 4°812 + 
1.30 ,, 3°513 4:524 + 1011 
3.30 ,, 3°735 3°798 + 0°063 
5.30 ,, 3°186 3°873 + 0°687 
Total 17-079 21°459 + 4380 
= 25°646 p-c. 
11.20 a.m.| Right | 4 3°112 3°552 + 0:440 
1.45 p.m.| 2°892 3°200 + 0°308 
3.40 3:240 3°860 + 
5.45 ,, és 2-300 4:704 + 2°404 
Total 11544 15°316 + 3°772 
| 7 = 32°675 p.c. 
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taken on-one of the days and nothing but water plus a’certain quantity : 
of sugar on the other. That the experiments should be as accurateas = 


possible, on both days the fluid was taken hot; so that on the sugar day 
as much as possible could be taken in a small bulk of water. 

Further no smoking was allowed on either day. The sugar thus 
introduced into an empty stomach would of course be quickly absorbed. 
Albertoni? showed that nearly 60 p.c. of the amount taken would be 
absorbed in the first hour, and that taking the sugar solution warm, 


contrary to what would be — slightly hindered the rate of its 


absorption. 

From the above table it is seen that sugar is really a muscular food, 
for on the day it was taken there was an increase of 25°646 p.c. in the 
work done by the left middle finger while the right middle finger showed 
an increase of no less than 32°675 p.c. 

The effect of sugar in retarding the approach of fatigue was next 
estimated. 


TABLE SHOWING TOTAL INCREASE IN MUSCULAR POWER AND RETARDATION OF 
FATIGUE BY TAKING 500 GRAMS OF suGAR. 200 grams being taken at 
8.30 a.m. and 100 grams at 11 a.m., 2 p.m. and 5 p.m. 


Fasting of sugar 


Time during | Total work. [| Time during | Total work. | Gain in work, 
Time of day | which lifted. | Kilogram- which lifted. | Kilogram- Kilogram- 
Seconds meters. Seconds meters meters 


Left middle finger raising a weight of 3 kilos. 


9.30um.\ 78 3-408 94 5-949 +2541 
76 106 9627 | +5811 
1.30pm.| 84 4-614 92 5979 | +1:365 
3.30 ,, 66 4-245 118 6-381 | +2136 
5.30 |, 70 3-342 118 6-375 | + 3-033 
Total | 374 19-425 | 528 | 34311 | + 14-886 
= 76 p.c. 

. Right middle finger raising a weight of 4 nlies. 
11.20am.| 88 4-028 100 4080 | +0052 
145pm.| 78 3-380 114 4376 | + 0-996 
3.40 72 3-648 132 6-680 | + 3-032 
5.45, 62 2-420 138 6564 | + 4-144 
Total | 300 | 13-476 484 21700 | + 8-224 
| = 61 p.c. 


1 Albertoni. Arch. Ital. de Biol. Vol. xvi. p. 266; 1892, 
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It is here seen that the onset of fatigue was retarded 154 seconds 


(from 374 seconds to 528 seconds) by the taking of 500 grams of sugar ; 
while the total work done by the middle finger of the left hand is seen 
to rise from 19°425 to 34311 kgm., giving an increase of 14°886 kgm. 
or 76 p.c. At the same time the approach of fatigue in the right hand 
was in like manner retarded 184 seconds (from 300 to 484 seconds). 
The total work of the right middle finger was increased from 13°476 to 
21°700 kgm., being a gain of 8'°224 kgm. or 61 p.c. 

Thus 500 grams of sugar when taken alone increased the work of 
the left 76, and of the right finger 61 p.c. over that done when no food 
was taken, while it retarded the amount of fatigue more than 150 
seconds in each case. : 

When one looks more carefully into the results obtained in the above 
two tables they seem clearly to point to certain chemical changes 
having taken place in the organism. 

For example the organism having been long without food, the left 
hand showed in thirty voluntary contractions at 1.30 p.m. a gain of 
1011 kgm. (3513: 4524 kgm.) on the sugar day (no sugar had 
been taken since 11 a.m.), fatigue in this case was retarded only 8 
seconds and a total gain of 1365 kgm. (4614: 5979 kgm.) of work was 
obtained. 

Sugar was now taken at 2 p.m. which would supply some nourish- 
ment and at 3.30p.m. fatigue was retarded and there was a total 
increase of work. During 30 voluntary contractions the gain in working 
power was only 0°063 kgm. (3°'735: 3°798 kgm.); fatigue did not set in 
until 52 seconds later, and the total working gain was 2136 kgm. 
(4245: 6381 kgm.). Sugar being again taken at 5 p.m. one would 
expect even a more marked advantage over the fasting day. In 30 
voluntary contractions at 5.30 p.m. there was a gain of 0°687 kgm. 
(3186: 3873 kgm.) while fatigue was delayed 48 seconds and the total 
gain in work was 3°033 kgm. (3°342: 6375 kgm.). 

This is explained by the carbohydrates present in the muscles being 
(during fasting) small in amount. and derived in all probability prin- 
cipally from the proteids of the organism. In consequence the work 
done during the first 30 contractions is in both cases nearly equal, since 
enough carbohydrates are present to yield working material for this 
short time: When however these carbohydrates are used up, fresh 
must be supplied from the proteids and the supply does not keep pace 
with the demand; fatigue thereupon sets in and the amount of total 
work is diminished. On the sugar day, the sugar supplied the muscles 
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_ with a catbohydrate already formed into a suitable working material 


and fatigue is consequently retarded and the total work increased. 

It became an interesting point to compare the amount of work done 
on a full ordinary diet with that of 500 grams of sugar alone as in these 
cases mental stimulus could hardly play a part. 


TABLE COMPARING THE WORK DONE BY 30 VOLUNTARY CONTRACTIONS ON A 
DAY WITH 500 GRAMS OF SUGAR WITH THAT OF A FULL DIET. 


On 500 grams of sugar On full diet 
Kilogrammeters | Kilogrammeters tn 
Tim Arm | Weight | by 30 contrac- 30 contrac- 
e eight | by by Kilogrammeters 

9.30 a.m. | Left | 3 4-452 4-041 ~ 0-411 
11.30 ,, 4-812 4-005 0-807 
1,30 p.m. 4°524 4:997 + 0°473 
3:798 4:146 + 0°348 
5.30 ,, 3786 |. —0-087 
Total 21-459 20-975 ~ 0-484 

= 2-308 p.c. 

11.40 a.m. | Right | 4 3552 4-008 + 0-456 
1.40 p.m. ,, 3-200 + 1122 
3.40 ,, 3-860 4-294 + 0°364 
5.40 ,, 4-704 3-912 0-892 
Total 15°316 16-466 + 1/150 

= 6:984 p-c. 


The work accomplished by the left hand on the sugar day is actually — 


seen to be more than on the full diet one, there being a total of 21°459 


kgm. as against 20°975 kgm., Le. a gain of 0°484 kgm. or 2308 pc. It 
is further seen that this gain is due to more work having been obtained 
in the morning and again at 5.30 p.m. 

The right hand however shows a plus on the sugar day, only at 
5.40 p.m., the sugar day yielding a total of 15316 kgm. as against 
16°466 kgm, on the full diet, ie. a gain of 1:150 kgm. or 6984 p.c. 

The next step was to compare the effect of the sugar in pepsin 
the — of fatigue with that of a full diet day. 
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TABLE COMPARING THE EFFECTS OF 500 GRAMS OF SUGAR WITH THAT OF A 
FULL ORDINARY DIET. 


On 500 grams of sugar On full diet 
Time during | Total work. | Time during | Total work. | Gain in work 
Time of day | which lifted.| Kilogram- which lifted. | Kilogram- Kilogram- 
Seconds meters Secon Is meters meters 
Left middle finger raising a weight of 3 kilos. : 
9.30 a.m 94 5949 106 67531 + 
11.30 _,, 106 9-627 102 6°477 3°150 
1,30 p.m 92 5979 140 + 1:559 
3.30 118 6°381 132 + 0°660 
5.30 ,, 118 6°375 126 6°186 — 0-189 
Total | 528 34-311 606 | 33773 | 0538 
The right middle finger raising a weight of 4 kilos. 
11.40am.{ 100 4080 | 122 + 
1.40 p.m, 114 136 7°742 + 3°366\_. 
3.40 ,, 132 6680 126 + 0°824 \ 
,, 138 | 6564 120 6-328 — 
Total | 484 | 21700 | 504 | 29130 | +7430 


Here the results are seen to be most interesting. The left hand 
actually shows a gain in total work done in favour of the saccharine — 
nutriment, there being a deficit of 0°538 kgm. on the day of full diet. 
The fatigue however came on earlier when sugar alone was taken. 

The gain in muscular power was most noticeable at 11.30 a.m., which 
may be accounted for by the fact that a breakfast of coffee and rusks 
contains less actual nourishment than 300 grams of sugar. This is 
proved by the fact that the most work dune on the full diet was after 
lunch, which gradually declined towards 5.30 p.m. On the sugar day, 
as well as the morning gain, the advantage was marked at 5.30 after 
200 grams of sugar had been taken at 2and 5pm. The general co con- 
clusion arrived at is that sugar is a powerful muscular food. 

Having thus settled the point as to the practical value of sugar as a 
food, the next point was to ascertain what influence it would exert on 
muscular energy when given in addition to ordinary diet. 
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Influence of sugar on muscular work when added to an 
ordinary diet. : 


TABLE SHOWING EFFECT OF 200 GRAMS OF SUGAR TAKEN AT 9 A.M. AFTER A 
BREAKFAST OF COFFEE, MILK AND 2 RUSKS. The work accomplished by 
30 voluntary contractions. 


Coffee, milk and ruks | +Suger 
Kilogrammeters | Kilogrammeters 
; Weight. Gain in work. 
x f da Arm rn f k by 30 f k by 30 
9.30 a.m. | Left | 3 3-717 4131 + 0-414 
11.30 ,, 3-915 4-254 + 
Total 7-632 8-385 +0758 
‘= 8°980 p.c. 
9.40 a.m. | Right| 4 3-272 4436 | +1164 
11.40 ,, 4308 5-208 + 0°900 
Total 7580 9-644 + 2-064 
= 21-402 p.c. 


In the morning’s work there is seen to be a gain in the amount of 
muscular power produced by the taking of 200 grams of sugar. This 
_ gain is most marked at 9.30a.m. and 9.40a.m., while the increased 
energy of the sugar is still shown even as late as 11.30 a.m. and 11.40 
a.m. 
The left hand has accomplished 8°385 kgm. on the addition of sugar 
as against 7-632 kgm. which yields a gain of 0°753 kgm, ie. 8900 p.c. 

The right hand showed even a still greater gain on the sugar day, 
9°644 kgm. as against 7°580 kgm. which is a total gain of no less 8 
kgm., Le. 21°402 p.c. 

Having thus found sugar caused a gain in the work sechibiie 
after a simple breakfast it was next necessary to see whether it likewise 
increased the time before fatigue set in. | 

From the following table it is seen that both with the left and right 
hand there was an increase in the total work done when 200 grams of | 
sugar were taken. The increase of work with the left finger amounted 
to kgm., Le. 6°162 p.c. 

The increase of work with the right finger was 5°416 kgm., i.e, 
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39°059 p.c. The fatigue came on in the left wer at the same time; in 
the right finger 70 seconds later. - 


TABLE SHOWING EFFECTs OF 200 GRAMS OF SUGAR TAKEN AT 9 A.M. AFTER 
AT 8 A BREAKFAST OF COFFEE, MILK AND 2 RUSKS. 


Coffee, milk and rusks + Sugar 


Time during | Total work. | Time during | Total work, | Gain in ork. | 
Time of day | which lifted. | Kilogram- which lifted. | Kilogram- Kilogram- 
Seconds meters Seconds meters meters 


Left middle finger raising a weight of 3 kilos. — 


930am 11% 5-711 110 5-733 + 0-022 
11.30 ,, 122 6-477 124 7-206 + 0-729 
Total 234 12-188 | 934 12-939 + 0-751 

| ; | = p.c. 

Right middle finger raising a weight of 4 kilos. 

9.40 a.m: 100 6°312 112 7°108 + 0°796 
11.40 ,, 122 7-556 180 12°176 + 4620 
Total 222 | 13-868 292 19-284 + 5-416 

| = 39-059 p.c. 


In these two experiments it is well seen that the taking of sugar, 
although it caused an immediate increase in the total work, this increase 
was most marked 24 hours later, so that it could not be accounted for on 
the theory of mere psychical stimulation. In fact throughout the whole 
series of experiments it was noticed that sugar always yielded the 
greatest amount of total work about 2 hours after it was taken—a fact 
in conformity with what is known regarding its absorption. 

In the experiments in which the work accomplished was only calcu- 
lated for the first 30 muscular contractions the gain in work was most 
marked at 9.30 a.m., only half-an-hour after sugar was taken. This 
might be due to the sugar, during the time the experiment was carried 
on, being gradually absorbed, it was at once conveyed to the muscles as 
such and used up. While on the other hand, when the sugar had been 
absorbed some little time (24 hours) and converted into glycogen, by 
requiring to be reconverted into sugar it was slower in supplying the 
muscles with carbohydrate nutriment and thus the time before fatigue 
set in was increased and the power of doing work more marked after the 
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first 30 contractions. For it is seen that at 11.40 the right hand was 
not fatigued for 58 seconds later (180—122), and it actually accom- 
plished 4°620 kgm. more work on the day in which the sugar was taken. 
Having thus ascertained the influence of sugar when taken in addition 
to a frugal meal, I next tried what effect it would have when taken in 
addition to an ordinary full luncheon. | | 


TABLE COMPARING THE EFFECTS OF 250 GRAMS OF SUGAR TAKEN WITH A FULL 
LUNCHEON AT 12.30 ON THE WORK ACCOMPLISHED WITH 30 MUSCULAR 


CONTRACTIONS. 
Luncheon + Sugar 
Kilogrammeters | 
Weight. Gain in work, 

2 p.m Left 3 4°721 5-280 + 0:559 
4» ” 4-935 4-638 ~ 0°297 
4°785 4-860 + 0°075 
Total 14°44] 14-778 +-0°337 

= 2°28 p.c. 
2.15 p.m. | Right| 4 3904 + 0-220 
6.15 ,, §772 + 0°236 

17°500 18-780 


Even the addition of sugar to a full luncheon has caused a gain, in 
the amount of work obtained by 30 muscular contractions, of 0°337 kgm., 
i.e. 2281 p.c. with the left hand; while with the right 1280 kgm., ice. 
6°816 p.c. in the space of the afternoon. Although this is not so marked 
as compared with a frugal meal, it is interesting to note, that in both 
cases the gain was most seen in the work done by the right hand. In 
the next place it was necessary to see what increase might be produced 
in the resistance against fatigue, when sugar was added to a full meal, 


and if it also caused the increase of work principally after the first 30 
contractions which might be explained on the glycogen theory. 
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TABLE SHOWING THE INFLUENCE oF 250 GRAMS OF SUGAR TAKEN IN 
ADDITION TO AN ORDINARY FULL LUNCHEON AT 12.30. ’ 


Luncheon + 250 grams of sugar | 
oe Time during| Total work, | Time during | Total work. | Gain in work. 
Time of day | which lifted.| Kilogram- | which lifted. | Kilogram- Kilogram- 
Seconds meters ~ Seconds meters meters 
Left middle finger lifting a weight of 3 kilos. _ 
2pm. | 140 7-902 140 9168 |. +1266 
130 7°533 150 8-511 + 
112 6:795 142 8-241 + 
Total 382 22-230 432 25°920 + 3°690 
16°599 p.c. 
Right middle finger lifting a weight of 4 kilos. 
2.15 p.m. 170 11-888 172 11-216 — 0°672 
4.15 ,, 163 11-188 220 13-648 + 2-460 
6.15 ,, 130. 142 9-392 + 0°876 
Total 463 31-592 534 34256 + 2664 


It is here seen that the addition of 250 grams of sugar to a full meal 
caused an increase of 3690 kgm., i.e. 16°599 p.c. in the work done by 
the left middle finger during the next 6 hours and that fatigue was 
delayed 50 seconds. The right middle finger likewise showed an 


increase of work, 2°664 kgm., i.e. 8°433 p.c. 


in was retarded 71 seconds. 

I will now show the influence of sugar taken at different hours of 
the day in addition to ordinary diet. The experiment being divided 
into 3 parts by 350 grams of sugar being taken in divided portions, 100 
grams at 8am. with breakfast, 100 grams at 12a.m. before lunch and 
50 grams at 3.50 p.m. 


PH. XVI. 


The time of fatigue setting 
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TABLE suownie EFFECT OF 250 Ga OF SUGAR, WHEN ADDED TO A FULL 
DIET DAY, ON THE WORK ACCOMPLISHED BY 30 MUSCULAR CONTRACTIONS. 
: Full diet + Sugar 
Kilogrammeters | Kilogrammeters 
: | Weight. Gain in work. 
Time ofday | Arm | Kilos work by Kilogrammeters 
9.30a.m.| Left | 3 4-947 + 1-305 
11.30, 4-203 4°854 + 
1.30 p-™. ” ” 4°872 -4°590 — 0-282 
3.30 ,, . 4°302 + 0°036 
5.30. ,, 3-975 6 + 0°861 
Total 20-994 23-565 + 2571 
| = 10-906 p.c. 
9.40 am. | Right | 4 4-436 5-668 + 1-239 
11.40 ,, 3°560 5°852 + 2-292 
1.40 p.m 4-084 + 
3.40 ,, 4072 5-008. +0936 . 
5.40 ,, 3-640 5-348 
Total | 19-792 27°724 + 
| = 28°610 p.c. 


In this case there is a well-marked gain in the capability of doing 
muscular work, caused by the addition of sugar to an ordinary diet, 
the left middle finger accomplishing 2°571 kgm. more work on the 
sugar day, being a gain of 10906 p.c., the right, on the same day doing 
7'932 kgm. more work, i.e. 28°610 p.c. ; this great gain in the work of the 
right hand is in part due to the fact that on the day of the full diet it 
did less than is usual, for it actually did even less than the left. It is 
however as well to give it here as these two days were arranged for 
comparison, being early in the experiments and with only a short interval 
between them. It is further noticed that there’ is a marked gain in 
power at 5.30 p.m. and 5.40 p.m., caused by the 50 grams of sugar that 
were taken at 3.50 p.m.; thus causing a rise in muscular power above 


that obtained at 3.30 p.m. instead of the diurnal fall whieh rey 
occurs at this time. 
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TABLE SHOWING TOTAL GAIN IN A DAY’S MUSCULAR WORK BY THE 
ADDITION OF 250 GRAMS OF SUGAR TO THE ORDINARY DIET. 


Full diet alone + 250 grams of sugar 


Time during | Total work. | Time darko Total work. Ma 
Time of day | which lifted.| © Kilogram- whieh’ lifted. Kilogram. | @#!n in work. 
Seconds meters Seconds meters Kilos 


Left middle finger raising a weight of 3 kilos. 


9.30 a.m. 108 5-691. 114 6-741 + 1:050 
11.30 ,, | 102 6-219 106 6-651 + 0-432 
1.30 pm.| 112 7-131 102 7-742 + 0°611 

3.30 ,, 138 5-073 126 6-966 + 1-893 
6.80 84 4-830 108 7-221 + 2-391 

Total | 544 28-944 556 35-321 | +6377 

= 22-032 p.c 

Right middle finger lifting a weight of 4 kilos. 
9.40 a.m. 112 7108 172 11-664 + 4-556 
11.40 108 7512 150 10:360 + 2848 
1.40 p.m. 146 8-420 148 10-392 + 1-972 
7-236 148 8-880 + 1644 
5.40 ,, 104 7-752 158 10-368 + 2616 
Total 596 38-028 776 51664 | + 13-636 
= 35°858 p.c. 


It will be noticed that in this case the left finger accomplished 
28944 kgm. on a full diet day, while by the addition of 250 grams 
of sugar to the same diet, it was enabled to do 35°321 kgm. The 
actual gain in work done by the sugar being 6377 kgm., i.e. 22032 p.c. 
The advantage in the retardation of fatigue was only 12 seconds. The 
right finger on the other hand under similar circumstances did with 
the sugar 51°664 kgm as against 38°028 kgm. without it, the total 
gain in the muscular work being 13°636 kgm., ie. 35°858 pc. The 
advantage gained in the increase of time before fatigue set in was more 
' marked, being no less than 180 seconds as against 12 seconds in the 
case of the left hand. 

As these days were at the early part of the experiments before the 
muscles had been by continual use developed into doing the most work 
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with the least trouble, I will now give another set of examples carried 
out at the end of the series. This is all the more important as it 
would resemble the working man’s condition who was doing continually 
muscular work. 

| The sugar in these cases was taken with meals, 150 grams being 
taken at breakfast and 100 grams at lunch; on both days 8 cigars were 
smoked. 


TABLE COMPARING THE MUSCULAR WORK ACCOMPLISHED By 30 CONTRACTIONS 
WITH ORDINARY DIET AND THAT OBTAINED ON THE ADDITION OF 250 
GRAMS OF SUGAR, 


Full diet alone 7 + Sugar 
Time of day | Arm | Weight. Kilogram Gain in’ work. 
of Wor wor 

10 a.m. Left | 3 4-518 4746 | +0-228 
4°770 5-196 + 0°426 

3 p.m. 4698 [| 5280 +0°582 

7 ” ” ” 4°665 4°860 +0°195 

Total 23-217 24 720 + 1:503 

6-080 p.c. 
10.15 am. | Right | 4 5-380 5-628 + 0°248 
12, 6:140 5704 — 0°436 

3.15 p.m. 4°168 6-124 + 

5.15 ,, 5-472 6-884 + 1-412 

5-044 5772 + 0°728 

Total 26°204 30°112 + 3°908 
= 12-978 p.c. 


We see here again there is an increase in the muscular work on 
the sugar day, the left hand doing 1503 kgm. . Le. 6080 p.c. more 
work, and the right kgm., ie. 12978 p.c. 


It is now necessary to see what the effect on = the sugar 
had in this case, 
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TABLE SHOWING THE TOTAL GAIN IN MUSCULAR WORK AND FATIGUE CAUSED 
BY THE ADDITION OF SUGAR TO AN ORDINARY DIET. 


Full Diet + Sugar 
“4 Time during | Total work. | Time during | Total work. Gain 
Time of day | which lifted.| Kilogram- | which lifted.| Kilogram. | G20 in work. 
| meters | Seconds. | meters Silogrammeters 
Left middle finger raising a weight of 3 kilos. | 
10 a.m. 134 7794 130 7°850 + 0°056 
12 — 132 140 + 0°627 
3 p.m. 114 6°558 140 9-168 + 2°610 
152 8-049 150 8511 + 0°462 
132 7°755 142 8-241 |. + 0-486 
Total | 664 | 37:950 | 702 | 42191 | 44-241 
| = 10-052 p.c. 
Right middle finger raising a weight of 4 kilos. 
10.15 a.m. 152 9°856 182 11°188 + 1°332 
12.15 p.m. 150 10°108 160 10-144 + 0°036 
3.15. ,, 154 172 11:216 + 
5.15 ,, 172 11-732 220 13°648 | +41:916 
150 9°732 142 — 0°340 
Total 778 50°424 876 55588 + 
= 29-290 p.c. 


In these experiments is seen a prolongation in the time before 
fatigue set in caused by the sugar, the left hand being capable of 
working 38 seconds longer and the right 96 seconds on the sugar day. _ 

The gain in total muscular work is also well marked, the left 
hand doing 4241 kgm., ie. 10052 p.c. more work on the sugar day, 
while the right hand did 5°164 kgm. more, i.e. 9°290 p.c. 

That the above results were not due to any mere voluntary effort 
on my part, that is to say, from trying to do more work, will be clear to 
any one accustomed to work with the ergograph, for as Lombard 
says one often does less work when one tries to do more under such 
circumstances. On many occasions I too observed that after finishing 
working and even seeing the tracing, I imagined I had done more 
work than was really found to be the case on calculating the results. 

The results obtained from this series of experiments show that the 
addition of large quantities of sugar to an ordinary diet is of the 
greatest nutritive value, and I think they prove that sugar should no 
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longer be regarded as a mere condiment but looked upon as one of 

the most useful articles of food. By the reason of its cheapness it 
could with great advantage be added in much larger quantities than at 

present to any child’s and working man’s dietary. | 


~ 


_ During the experiments so far quoted no smoking (except when 
specially mentioned to the contrary) was permitted, as various writers, _ 


Lombard, &c. consider that it is detrimental to muscular work. I 
performed a few experiments to see what effect was produced in my 


own case with moderate smoking. 


Influence of Smoking on Muscular Energy. 


TABLE COMPARING THE WORK DONE DURING TWO DAYS ON A FULL DIET, ON 
ONE OF WHICH FOUR CIGARS WERE SMOKED, ON THE OTHER NONE}. 


Diet alone + Four cigars 
Time — Total work. | Time duri Total work. Gain or 
Time of day | which lifted.| Kilogram- {which lif Kilogram- otherwise. 
Seconds meters Seconds meters Kilogrammeters 


Left middle finger 


raising a weight of 3 kilos. 


9.30 a.m. 140 7°902 104 7-449 + 0°453 
11.30, 148 8°787 130 + 1°254 
1.30 p.m. 134 8-049 140 + 0°147 
3.30 ,, 154 7°755 130 + 0°222 
5.30. ,, 112 6-595 112 6°795 — 0°200 
Total 688 39-088 616 37°212 + 1876 

= 5°04] p.c. 

Right middle finger raising a weight of 4 kilos. 

9.45 a.m 122 8-928 152 9-884 — 0°956 
11.45 ,, 140 10-860 150 10-508 + 0°352 
1.45 p.m 172 11-732 170 — 
3.45 ,, 154 9-732 163 11-188 — 1-456 
5.45 ,, 150 8-996 130 8-516 + 0°480 
Total 738 50°248 765 51984 —1'736 

= 3°339 p.c. 


In the above table it is seen that the left middle finger accomplished 
1876 kgm. more work, ie. 5041 p.c. on the day on which no smoking 


was done than on the day in which four cigars were smoked. How- 


ever the right middle finger had a deficit of 1°736 kgm., i.e. 3:339 p.c. 
on the non-smoking day. 


1 Cigars at 9a.m., 1 p.m., 3 p.m. and 4 p.m. 


= 
iZ 
4 
{ 
2% 
= 
4 
a 
= 
8 
3 
3 
A 
4 | 
} 
1 
& 
3 
5 
> 
7 
H 
a 


SUGAR AND SMOKING ON MUSCULAR WORK. 119 


COMPARISON OF TWO MORNINGS’ WORK ON THE ONE OF WHICH TWO 
CIGARS WERE SMOKED AT 9 AND 1] a.m. 


No smoking Smoking 
| Time during | Total work. | Time during | Total work. |... . 
‘Time of day | which which lifted. in work. 
Seconds meters Seconds meters 
Left middle finger raising a weight of 3 kilos. : 
10 a.m. 156 8825 104 7-449 +1:376 
132 8-421 158 8-787 — 0-366 
Total | 288 17-246 | 262 16-236 | +1010 
Right middle finger raising a weight of 4 kilos. 
10.15 a.m. 122 9-884 152 8-928 + 0-956 
12.15 p.m. 140 10°860 150 10-021 + 0:839 
Total 262 20-744 | 302 18-949 +1795 


On these two mornings both the right and left fingers accomplished 
more work on the day when nothing was smoked. 

The difference in effect before and after smoking a cigar, when a 
rest of two hours was allowed between the two experiments, was in 
no case so marked as in Lombard’s experiments even when the cigar 
was only removed from the mouth immediately before commencing to 
work with the ergograph. 


DIFFERENCE BEFORE AND AFTER SMOKING. 


Left middle finger raising a weight of 3 kilos. 


Time duri Work d i 
Time of day | which lifted, | 
Seconds Kilogrammeters 
Cigar smoked from 3 to 3.30 p.m. 
a. 1.30 p.m. | 140 7538 4:997 
3.30 ,, 132 7041 4:146 
¢ Cigar smoked from 11 a.m. until 12 noon. 
bh 130 7-650 | 4°746 
12 — | 140 8:42] 5°196° 
Again a cigar from 4.30 to 5 p.m. | 
142 | 8-241 4:860 


7 


> 
‘ag 
> 
pest 
a 
. 
; 


120 VAUGHAN HARLEY. 


In (a) a cigar was smoked up to the very moment the ergograph 
was commenced being worked. 

- The work done at 3.30 p.m. ‘emmedianaly after having smoked a 
cigar is less by 0'497 kgm. than that at 1.30 p.m. As a rule during 
these hours the amount of work accomplished i is much about the same. 
One may therefore conclude that the cigar had somewhat of a enil 
mental effect. Fatigue was also hastened 8 seconds. 

In (b) after having estimated the amount of work at 10am. a 
cigar was slowly smoked from 11 to 12 when a plus of 1°771 kgm. was 
obtained. The time before fatigue came on was also prolonged 10 
seconds. It has already been shown in an early part of this paper that 
during these hours the morning rise occurs which has not been 
obliterated by the cigar. 

In (c) it was decided to try the effects of a cigar in another manner. 
As already shown in the afternoons from 5 to 7 p.m. there is invariably 
a falling off both in the amount of work accomplished and the time 
before fatigue set in. I therefore tried to see if, by smoking a cigar 
from 4.30 to the very minute the ergograph was first worked at 5 p.m., 
I could so diminish the work accomplished that less might be obtained 
‘than 2 hours later. At 5 pm. 8511 kgm. of work was done and at 
7 p.m. only 8'241 kgm., giving a fall of 0270. During the same hours 
fatigue set in 8 seconds earlier. In this case the cigar had again 
failed to hinder a diurnal variation. 

It is needless to give more experiments as they all give unsatis- 
factory results, 

It appears that moderate smoking in one accustomed to it neither 
increases the amount of work nor retards the approach of fatigue. On 
the contrary it perhaps slightly diminishes muscular power hastens 
_ the onset of fatigue, though this could not be conclusively demonstrated 
- on account of its neither hindering the diurnal increase nor stopping 
the diurnal decrease of muscular energy. | 

Before concluding I give an example of sugar counteracting the 
diurnal diminution in muscular power and acceleration of fatigue and 
likewise any diminution of these that anignt be caused by smoking a 
cigar. 

In this experiment 5 minutes after finishing the work at 5.30 p.m. 
I took 100 grams of sugar and 10 minutes later lit’ a cigar and 
smoked continuously 14 cigars from 5.45 until the minute work was 
begun at 6.40 p.m. It is seen that the sugar caused an increase of 
0°768 kgm. in the total work in spite of smoking, and that too at the 
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very time where there invariably is a diurnal fall of muscular energy. 
The fatigue too set in 12 seconds later. : 


TABLE SHOWING THE POWER OF SUGAR TO OBLITERATE THE DIURNAL DIMI- 
NUTION OF MUSCULAR ENERGY OCCURRING IN THE EVENING. 100 grams 
of sugar being taken at 5.35 p.m. and cigars smoked continually from 
5.45 to 6.40 p.m. 


Left middle finger raising a sucht of 3 kilos. 


Time during Work done in 
Time of day | which lifted. 30 contractions. 
Seconds Kilogrammeters 


5.30 p.m. 108 4°836 
6.40 ,, 120 | 7-989 4794 

It is interesting to note that during the days I took sugar (even as 
much as 500 grams) I never in one single instance found any sugar in 
my urine,.although frequently analysed during the day. 

I obtained the same results when taking, during several days, 400 
grams (13 oz.) daily of sugar, even upsetting my digestion so far as 
getting dyspepsia while working in the Sorbonne at Paris. : 

‘This agrees with the experiment of Kraus and Ludwig? who 
never found sugar in the urine after taking sugar. The cases in which 
- Worm Miiller* and Moritz*® found notable quantities of sugar must I 
think be explained by the supposition that the persons experimented 
upon, though healthy, had a tendency to glycosuria. In the cases in 
which dogs were employed the reduction was in all probability due to 
‘some other reducing substance. 

In my analysis not only did I employ Fehling’s solution but never 
considered sugar present unless it gave, as well as a reduction, the 
phloridzine reaction. While working in Paris the fermentation test 
gave equally results. 


Conclusions. 


1. The periods of digestion as well as the kinds of food taken have 
a marked influence on voluntary muscular energy. 
_ 2. Irrespective of the influence of food there is a periodical diurnal 
rise and fall in the power of performing muscular work. 


1 Kraus and Ludwig. Wiener Med. Wochenschrift, 1891, No. 46 and 48. 
2 Worm Miller. Pfliiger’s Arch, Vol, xxxtv. p. 576; 1884. 
3 Moritz. Miinchener Med. Woch. 1891, p, 5. 
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3. More work can be done after than before midday. | 

4. The minimum amount of muscular power is in the morning 
about 9a.m. The maximum about 3 in the afternoon. 

5. Regular muscular exercise not only increases the size and power 
of the muscles but has the effect of markedly delaying the or of 
fatigue. 

6. The amount of work performed on a diet of sugar ‘icine is 
almost equal to that obtained on a full diet; fatigue however setting 
in sooner, 

7. In fasting large quantities of sugar (500 grams) can increase 
the power of doing muscular work during 30 voluntary contractions 
from 26 to 33 p.c. 

While the total gain in a day's work may be 61 to 76 p.., the time 
before fatigue sets,in being also lengthened. 

8. The effect of sugar is so great that when added to a small meal 
it can increase the muscular power during 30 contractions from 9 to 
21 p.c., while the total increase in work may be from 6 to 39 p.c. and 
the approach of fatigue being at the same time retarded. 

9. When added to a large mixed meal sugar can increase the 
muscular power of 30 contractions 2 to 7 p.c. The increase in total 
work being. 8 to 16 p.c. and a marked increase in the resistance to 
fatigue is shown. 

10. 250 grams of sugar taken in addition to a full diet increases 
the day’s work. The work accomplished during 30 voluntary muscular 
contractions shows a gain of from 6 to 28 pc., the total day’s work 
giving an increase of power 9 to 36 p.c. and the time before fatigue 
sets in being lengthened. ? 

11. Moderate smoking although it may have a slight influence 
in diminishing the power of doing voluntary muscular work, neither 
stops the morning rise nor when done early in the evening hinders 
the evening fall. 

12. Su gar taken early in the evening is capable of obliterating the 
diurnal fall in muscular power that occurs at this time, and increases 
the resistance to fatigue. : 
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AN IMPROVED FORM OF ANIMAL CALORIMETER. 
By J. 8S. HALDANE, W. HALE WHITE anv J. W. 
WASHBOURN. (One in Text.) 


the Laboratories at Ozford and Guy's H 


THE gress difficulty of obtaining accurate measurements of the heat 
given off from, or produced by animals is wel] known to physiologists 
and pathologists. When we began to work at animal calorimetry, we 
soon became convinced that the methods in use were either seriously 
inaccurate or had not been at all sufficiently tested. We were thus 
compelled to undertake a very laborious series of test. experiments, the 
results of which have led us to the form of apparatus we are about to 
describe’. These experiments were begun at the suggestion of Dr 
Burdon Sanderson by one of us (J. 8. H.) more than five years ago at 
Oxford. The instrument first employed was on the principle of that 
described by D’ Arsonva]l’ except that it had a source of heat on both 
sides. The test experiments made with this apparatus showed that the 
results given by it were exceedingly accurate, but that in that form it 
was very difficult to work®. The apparatus now described was, as the 
outcome of many further trials, set up at Guy’s Hospital by two of us — 
(W. H. W. and J. W. W.), who introduced some modifications additional 
to those in an instrument which had been put up at Oxford. 

The calorimeter which has hitherto been most frequently employed 
for measuring the heat given off by animals, is the well known water . 
calorimeter. Such an instrument was described by Crawford‘ in 1788; 

Society and the British Medical Association. 

2 Jour. de V Anat, et de la Physiologie, Vol. xxu1, 1886. 

3 “New methods of investigating quantitatively animal heat and respiratory ex- 
change.” Graduation Thesis by J. 8. Haldane [in Edinburgh University Library]. 

4 Experiments and observations on animal heat and inflammation of combustible bodies, 


. being an attempt to resolve these phenomena into a general law of nature. 2nd Edit. 


London. Murray, 1788. 
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and after reading the account of his experiments we doubt whether any 
of his successors have taken more elaborate precautions to ensure the 
greatest attainable accuracy. Other experimenters who have used 
water calorimeters are Dulong', Despretz’, Senator*, Wood‘, 
Desplats’, Evans’, Hare’, Ott®, Carter’, Reichert”, and Kemp”. 

All water calorimeters are unreliable, chiefly because, firstly, as all 
three of us (as well as other observers) have independently found, even — 
with the most careful mixing it is impossible to get a large mass of 
water to a uniform temperature, and a slight error as to temperature 
means an enormous error in the result of the experiment. Secondly, 
water calorimeters act very slowly. For instance, in some of Senator’s 
experiments at the end of an hour the temperature of the water had 
only risen 0°2°C., and after this the further rise was trifling. 

Many observers have not used water calorimeters. In 1780 La- 
voisier and Laplace” used an ice calorimeter. In 1849 Scharling” 
used a form of air calorimeter. Vogel“ and Hirn” each employed 

instruments very like Scharling’s. Rosenthal described a calori- 
meter in 1878 and Richet” published an account of an air calorimeter 
in 1885. This was employed by Langlois” in 1887, and Mosso” used 
a very similar instrument in 1890. Sapalski and Klebs™ also used 
an air calorimeter. 


1 Ann, de Chemie et de Sie 1824. 

2 Ann. de Chemie et de Physique, 1843. 

3 Archiv f. Physiologie, 1872, p. 1. 

4 Smithsonian Contributions to Knowledge, 1880. 

5 Journal de V Anat, et de la Physiologie, May, 1886. 

6 Therapeutic Gazette, 1887, p. 382. 

7 Therapeutic Gazette, 1887, p. 237. 

8 New York Medical Journal, March 30, 1889, and titers Antipyretics. _— 
Easton, 1891. 

9 Journal of Nervous and Mental Diseases, 1890, p. 782. 

10 University Medical Magazine, Jan.—April, 1890. 

11 Therapeutic Gazette, March, 1889. 

12 Mém. de V Acad. d. Sciences, 1780, p. 355 and Oeuvres complétes vieomeneiache T. mu. 

steel f. practische Chemie, 1849. Bd. xuvut. 8. 435. 

4 Archiv d. Ver. f. Wiss. Heilkunde, 1864. 

5 Recherches sur Véquivalent mécanique de la chaleur, 1858. 

6 Archiv f. Physiologie, 1878, 8. 349. 

7 Archiv de Physiologie, Ser. 111, T. v1. 1885, p. 237, and Le Chaleur Animale. F. 
Alcan. Paris, 1889. 

18. Journal de U’Anat. et de Physiologie, 1887, p. 400. 

19 Archiv f. Exp. Pathol. und Pharmakol. Vol. 26, 1890, p. 316. 

2% Jahresberichte von Hofmann u. Schwalbe, 1872. 
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It appears to us that one or other of the following objections can be 
urged against all these calorimeters :— 

(1). The calorimeters which have been previously standardized are 

faulty; for the method employed to standardize is always open to 
considerable sources of error. Thus Richet in standardizing his, got 
figures varying from 66 to 91 from which to strike an average, and 
Langlois obtained figures varying from 59 to 74. 

(2) Many conditions may not be the same during the standardizing 

_ as during subsequent experiments. 
(3) All non-differential calorimeters are open to serious sources of 
error from the varying influence of the external air in abstracting heat 
from the instrument. Some experimenters have tried to allow for these 
and other errors, but the correction is a very large percentage of the 
whole amount of heat produced. 

(4) In many calorimeters the ventilation is quite inadequate. 

(5) In some, as Richet’s, if for any period during an experiment 
the production of heat decreases, this decrease is not measured by the 
instrument. 

In 1886 D’Arsonval' gave an account of several calorimeters, 
including his differential air calorimeter, which presents evident ad- 
vantages over those described up to this date. Our own apparatus 
embodies D’Arsonval’s principle, but chiefly differs from his differential 
instrument in that there is a source of heat in both chambers of the 
calorimeter. 

Since the publication of this paper by D’Arsonval, and since we 
began to work at calorimetry, other calorimeters, for the most part 
modifications of D’Arsonval’s differential instrument, have been 
described by Rosenthal’, Ansiaux® and Rubner*. 

In the Centralblatt fiir Physiologie for 1890 a reference is given to 
some calorimetrical experiments by Henrijean. We have not had 
access to the original paper, nor have we seen one by Sigalas, which is 
abstracted in the Gazette hebdomadaire’®. 

Calorimeters such as those described by Liebermeister and 
Leyden, in which a part oy of the body 1 is inserted, are obviously 


1 Op. cit. 

2 Archiv f, Anat. u. Physiol. Physiol. Abth, 1888. 

3 Archiv de Biol. 1891, p. 1 and Bulletin des Sciences de Bruzelles, Ser. 3, T, xx. 1890. 
4 Calorimetrische Methodik von Max Riibner. Marburg, 1891, 

5 No. xxvi. 1890, p. 312, 
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unreliable, and so are the attempts made by Liebermeister’, Kernig’ 
and Hattwig* to estimate the amount of heat — by @ man by 
immersing him in a water bath. 


The calorimeter now to be described is in the Physiological 

Laboratory at Guy’s Hospital, and it (see Fig.) consists of several 
parts. / 
_ The Copper Chambers. These are two precisely similar cylindri- 
cal chambers made of thin sheet copper and provided with convex roofs. 
The inside height of each is 18 inches, and the inside diameter is 
the same. Each chamber has two walls (A, A’ and a, a’), between 
which is an air space 14 inches across and closed at the bottom by 
copper. Each chamber is, by means of flanges turned out from its outer 
wall A, a, firmly screwed on to a strong wooden table, which is fixed to 
the floor of the laboratory. A circular hole is cut in the table immedi- 
ately under each chamber, the circumference of this hole corresponding 
with the outer wall. The floor of each chamber is a thick wooden disc 
(B, b) covered on its upper surface with copper. These two floors are 
similar in all respects. Each disc has on its upper surface and near its 
circumference a deep trough (C, c) cut in it all round. The inner wall 
A'a’ of the copper chambers is prolonged down into the trough. 
Attached to the under surface of each wooden disc is a firm iron piece 
(D, d), which passes through a hole in the beam £ which connects the 
legs of the table. The discs can be moved up and down by JD, d, and 
fixed at any point by the screws F, f, The trough C, ¢ in each disc is 
filled with resin ointment, in which, when the disc is pushed up.as far as — 
it will go, the prolongation downwards of the inner wall of the copper 
chamber is imbedded, the chamber being thus closed air-tight. Resin 
ointment was chosen, after many trials of various substances, as being 
the best for rendering the chamber air-tight. Leading off from the air 
space between the outer and inner copper walls of each chamber is an 
india-rubber tube G, g. The two rubber tubes are connected with the 
two limbs of a manometer H. 

_ The action of the calorimeter is as follows:—In one copper chamber 
the animal, the heat production of which we require to know, is placed. 
In the other hydrogen is burnt, both chambers being shut. The heat 
given off from the animal warms its chamber, and thus increases the 


1 Deutsch, Archiv f. klin. Med. 1869, p. 217. 
2 Thesis inaug. Dorpat, 1864. 
3 Thesis inaug. Berlin, 1869. 
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pressure of the air in the air space between the two copper walls of its 


_ chamber. This would lead to movement of the fluid in the manometer; :. « 


but that the heat given off by burning the hydrogen increases at the 
same time the pressure in the space between the walls of the other 
chamber. This latter increase of pressure tends to make the fluid move 
_ in the other direction. If the fluid in the manometer is stationary, the 
amount of heat given off by the animal is, other things being equal, 
equal to that produced by the burning of the hydrogen. During an 
experiment the manometer is kept stationary by turning up or down 
the hydrogen flame. The amount of hydrogen burnt is esiimated, and 
knowing the heat of combustion of hydrogen we can calculate the 
calories produced by the quantity used in the experiment, which equal 
those given off by the animal. 

The casing. The knowledge that fluctuations in the temperature 
and barometric pressure are a most important source of error in air 
calorimeters led to our adopting the compensating principle of 
D’Arsonval. We found, however, that temporary draughts &c. were 
apt to act somewhat unequally on the two chambers, and thus cause a 
certain amount of error, which might in extreme cases amount to as 
much as 0°5 calories per hour. After very many trials we discovered 
that this difficulty could be obviated by covering the chambers with 
three layers of felt, each an inch thick. When this was done the level 
of the fluid in the manometer remained practically stationary unless 


- gome source of heat were introduced into one of the chambers. The 


felt is in the plate marked J, 7, and is of the kind used for refrigerators. 
As it easily collects dust, and is liable to fray out, it is covered on the 
outside with an American cloth cover. There is a small window in the 
walls of each chamber. It is closed air-tight by a piece of glass (J, j,). 
The object of these is that the experimenters may see that the hydrogen 
flame is burning properly and that the animal is comfortable. During 
an experiment when the window is not in use, itis covered with a thick 
pad of felt. 

The Manometer. After many trials of different fluids and slopes 
of tubes, we found the best manometer to be one (H in the plate) in 
which the limbs are sloped at an angle of 45° with the horizon. The 
bore of the tube is ;,th inch in diameter. It is filled with oil of erigeron 
as the specific gravity of that is very low and it moves readily. Behind 
one limb of the manometer is a ruled scale (see Fig.). The lines are 
syth inch apart and each is numbered. The scale is so placed that the 
lines on it are parallel with the upper surface of the fluid in the 
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manometer. At the beginning of an experiment a note is made of the 
line which corresponds to the upper level of the fluid and by turning 
the hydrogen up or down the fluid is kept on this line during the whole - 
experiment. 

‘The openings Z, z—which are kept clamped—, on the manometer 
tube are useful; for if at any time the fluid in one limb has for any 
cause got much higher than that in the other, opening the clamps 
immediately brings the fluid in the two limbs to the same level. 

The Hydrogen. The hydrogen was produced in a Kipp’s apparatus 
(K) and was dried in the bottle Z. It will be noticed that there is a 
hydrogen burner (M, m) in each copper chamber. A great advantage 
of this is that a control experiment can be done at any time, for if both 
copper chambers are shut air-tight and hydrogen is burnt in each, one 
or other of the two flames being kept at such a height that the fluid in| 
the manometer remains stationary, and it is then found that in the same © 
time the same amount of hydrogen has been burnt in each chamber it 
is evident that the instrument is working satisfactorily. Some examples 
of this mode of control will be given immediately. 

Another reason for having a hydrogen burner in each copper 
chamber is that it is important for the fittings of the two chambers to 
be similar in all respects, so that those of one may not absorb more heat 
than those of the other. Therefore also there is in the hydrogen 
chamber a wire cage exactly similar to that used for the animal in the 
other chamber. The cages have a floor to catch the urine, and feet to 
raise them from the floor of the chamber and so prevent loss of heat by 
direct conduction from the animal to the floor of the chamber. 

The india-rubber tubes which conduct the hydrogen to the burners 
each pass under a screw clamp JV, n, by means of which the size of the 
hydrogen flame can be very accurately adjusted. The amount of 
hydrogen burnt is estimated by determining the amount of water 
produced. This is effected by passing a current. of dry air into the 
calorimeter and estimating the moisture present in the outgoing air. 
The air is dried by means of Woulff’s bottles charged with pumice 
soaked in sulphuric acid’, One of these bottles (0, 0) is placed in the 


-ingoing air current, and the other (P, p), which is weighed to centi- 


grammes, is placed in the outgoing air current. Before the amount of 
moisture produced by burning the hydrogen in its chamber can be 
estimated, the air in the chamber must be perfectly dry. To ensure 


1 This Journal, Vol. xi1t. p. 419, 1892. 
XVI. 9 
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this, the chamber is shut up air-tight, the hydrogen not being lit, and 


then air which has been passed through a pumice and sulphuric acid 


bottle (O, 0) is drawn through the chamber until a corresponding bottle 


placed in the outgoing air-current no longer increases in weight. Six 
experiments of this nature showed that in order to completely empty 
all the moist air out of the chamber, and to replace it by dry air, 
300 litres of dry air required to be passed through. We subjoin the 
results of one of these experiments. The gains in weight of the 
Woulff’s bottle in the outgoing air-eurrent after successive portions of 
dry air had been passed into the chamber are given. 


Gain in weight after 92 litres of dry air were passed through : 0°59 
Further gain after 107 additional litres of dry air were passed through 0:17 
” 90 ” ” 0-05 

” ” 87 ” ” ” ” 0-00 


Thus when 92 + 107 + 90 litres had been dow throbigh. the air in the 
chamber was perfectly dry. 


It is of great importance that the inner ieslle and floor of the 
chamber should present no hygroscopic surface. For this reason the 
floor is covered with copper. The employment of a painted surface 
gave endless trouble in the case of the first calorimeter in which the 
hydrogen method was employed. 

Having dried the closed chamber, the next thing is to light the 
hydrogen in it. This is effected by means of an electric spark. The 
wires Q, Q proceeding from and returning to an induction coil R 
connected with an accumulator S are so arranged that a spark can be 
made to pass across the orifice of each hydrogen burner. 

The air in the chamber being dry a carefully weighed sulphuric | 
acid and pumice bottle is placed in the path of the outgoing current of 
air at P or p, as the case may be, according to which hydrogen burner 
is being used. The hydrogen is turned on; by passing the spark it is 
lit; and the aspiration through the chassber, which had been stopped to 
put in the newly weighed bottle, is started. The moisture is absorbed 
by the bottle at P or p as the case may be. In an experiment with an 
animal, at the time that the hydrogen i is lit the animal in its cage is put © 
in the other copper chamber, which is then shut up, and air is drawn 
through it to provide for the creature’s respiration. In order to make 
the conditions similar, air is drawn through the two chambers at an 
equal rate, which must be sufficiently rapid to prevent condensation of 
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moisture. During an experiment the hydrogen is kept by means of the 


screw clamp JM or m at such a height that the fluid in the manometer | a 


remains stationary. When the experiment has lasted as long as is 
desired the hydrogen is turned out and the animal is taken out of its 
chamber. But as the air in the hydrogen chamber now contains 
moisture, and as we have already shown that to get rid of all the 
moisture in the chamber 300 litres of previously dried air must be ‘ 
drawn through it, this is done after the hydrogen is turned out.. Then 
_ the increase in the weight of the bottle at P or p will give the amount 
of moisture produced by the burning hydrogen. Suppose for example 
this were 4 grammes, then 4 grms.=the weight of hydrogen burnt; 
and as the combustion of 1 gramme of hydrogen produces’34°2 calories, 
4 x 342 equals the number of calories produced by the combustion of 
hydrogen in this experiment. This heat, however, is not all given up — 
to the calorimeter, since the moisture produced is not allowed to 

condense inside the chamber. The heat of condensation of this 
- moisture is 9 x ‘59 = 5°3 calories for each gramme of hydrogen. Hence 
the heat given up to the calorimeter is 34°2 — 5°3=28°9 calories per 
gramme of hydrogen burnt, and this, in the instance we are supposing, 
multiplied by 4 equals the heat given off by the animal. Throughout 
_ this paper a calorie is taken to be the amount of heat necessary to 
raise one kilogramme of water through one degree centigrade. 

For turning out and lighting the hydrogen, we found it convenient 
to have a spring clamp (7, t) on the hydrogen tubes, for then the 
hydrogen could be lit or turned out instantly ; the screw clamp J, n, is 
only used for adjusting the flame. 

It is absolutely necessary to show that the chamber and all the 
connections are air-tight after the floor is pushed up at the beginning 
of an experiment. This is done by closing the inlet tubes to the 
bottles O, 0, and the hydrogen tubes, and then drawing a little air out 
of the apparatus and thus producing a negative pressure within, and 
_ then ascertaining, —by means of the meter, or a water manometer if the 
aspirating vat is used—whether this negative pressure is maintained. 

It will be noticed that the tube by which air enters the copper 
chamber is carried up to within an inch of the roof, while the orifice of 
the outlet tube is nearly flush with the floor. The object of this is to 
distribute the heat from the flame, and secure that by reflection from 
the roof the dry air entering the chamber shall be broken up as 
thoroughly as possible and so mixed with sed moisture produced by the 
combustion of the hydrogen. 
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A point we investigated was how much of the heat given off either 
by the burning hydrogen or by the animal was lost to the calorimeter, 
because it warmed the air drawn through the chambers. To determine 
this, accurate thermometers Y, Y, y, y were placed in the ingoing and 
outgoing currents of air close to the copper chamber by being inserted 
in an air-tight opening in the india-rubber tubes. It was found that 
after the animal had been in place, or the hydrogen had been burning 
an hour, the temperature of the outgoing air was never more than 
0°4° C. higher than that of the ingoing. Now usually 300 litres, that is 
to say, 400 grammes, of air were drawn through in an hour. The 
specific heat of air is 0°23; therefore to warm 400 grammes of air 
through 0°4° C. would take x ‘23 x 087 calories. But as a large 
rabbit gives off about 9 calories an hour, the heat given off by the 
animal or hydrogen flame, and not felt by the calorimeter because it is 
expended in warming the air, is only 0°4 per cent. of the total amount 
produced by the animal. As this amount is so small and is the same 
on the two sides of the calorimeter, it may safely be neglected. 

_ Having finished our description of the instrument, we will proceed 
to prove, firstly, that it is sufficiently accurate, and, sain that it 
can easily be used for animals. . 

- To ascertain what degree of accuracy was attainable, thirteen 
consecutive control experiments were done. In six, hydrogen was 
burnt in one chamber and cooling water was placed in the other. In 
seven, hydrogen was simultaneously burnt in each. 


Six CONSECUTIVE CONTROL EXPERIMENTS. 
COOLING WATER IN ONE CHAMBER, HYDROGEN BURNING IN THE OTHER. 


A corked flask of water of a temperature of from 40 to 45°C., but 
different in each experiment, was placed on cork supports in one 
chamber of the calorimeter, which was then shut. Hydrogen was burnt 
in the other, the flame being kept at such a height that the fluid in the 
manometer was steady. This particular temperature for the water was 
chosen as being as high or higher than the temperature which would be.. 
likely to be reached by an animal in any pathological or physiological 
‘experiment. When the water was taken out of the chamber its bulk 
was measured, and its bulk in litres at this temperature multiplied 


_. by 4% gave its bulk at 4°C., that is to say, its weight in grammes. Its 


weight in kilogrammes multiplied by the number of degrees centigrade 
through which the water had cooled gave the number of calories given 


> 
i % 
3 
a 
q 
‘ 
‘ 
; 
¥ 
‘ 
3 
| 
4 
é 


ANIMAL CALORIMETER. 133 


off by it, and this, together with the small quantity of heat given off by 
_ the cooling of the glass of the flask, represents approximately the heat 
given off by the water to its chamber of the calorimeter. To obtain an 
exact measure of this heat, corrections would have to be made for the 
specific heat of water at 40° to 45°, and for the period (in all about a 
minute) which elapsed between the time of reading the temperature of 
the flask and the time when it was placed in or removed from the 
chamber. The latter correction, which is small, and a correction for the 
loss of heat from the glass of the flask were made; but the values 
given by recent observers for the specific heat of water’ at about 40° 
vary from 0°98 to 1:04—a difference of 6 per cent. We were therefore 
unable to make an exact comparison in absolute units between the 
number of calories given off by the flask and its water and those given 
off by the hydrogen flame. In this series of experiments the ventilation 
was not sufficiently rapid to prevent a partial condensation of moisture 
in the hydrogen chamber while the hydrogen was burning, and therefore 
the number of calories given up to the calorimeter by the hydrogen 
was between 34°2 and 28°9 per gramme-of hydrogen burnt. The tempe- 
rature and position of the flask, rate of ventilation, heat evolved, and 
duration of experiment (45 minutes), were all, however, approximately 
the same in this series of experiments, so that we have made a constant 
allowance for the moisture estimated as having been temporarily con- 
densed in the hydrogen chamber, and the individual experiments are 
comparable with one another, and thus afford a gauge of the delicacy 
of the measurements, which was what we chiefly wished to ascertain 
from this series. In stating the results we have made no correction for 
the specific heat of the water. | 

An experiment was performed as follows :— 

A sulphuric acid and pumice bottle was placed in the path of the 
air entering the hydrogen chamber, which was then shut. The whole 
was next tested as before described to prove that there was no leak. 
Then 300 litres of air were drawn through and by this means, as has 
been already shown, the air in the chamber was perfectly dried. The 
tube leading from the chamber was clamped and a weighed sulphuric 
acid and pumice bottle was placed in the path of the air leaving the 
chamber. The clamp was then taken off. Next the level of the fluid | 
in the manometer was noted. The flask of warm water, the tempera- 
ture of which had just been taken, was shut up quickly in its chamber, 


1 As quoted in Landolt and Bornstein’s Physikalisch-chemische Tabellen, 1893. 
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and at the same time the hydrogen in the other was lit. Immediately 
this was done equal aspiration through each chamber was begun. 
During the experiment, the hydrogen flame was by the screw clamp 
kept at such a height that the fluid in the manometer remained 
_ stationary, or as nearly stationary as possible. Each experiment lasted 
45 minutes, at the end of which the hydrogen flame was turned out by 
one observer, while the other quickly took the water out of its chamber, 
shook it, noted its temperature and calculated in the manner just 
described the number of calories which had been given off by it to 
the calorimeter. The aspiration was continued through the hydrogen 
chatnber till 300 litres of air had been drawn through after the 
hydrogen was turned out. The tube leading from the hydrogen 
chamber was then tightly clamped and the pumice and sulphuric acid 
bottle attached to it removed. The gain of weight of this represented 
the amount of water produced by the combustion of the hydrogen. In 
order to be sure that all the moisture had been exhausted from the 
chamber by the aspiration of 300 litres of air after the hydrogen had 
been turned out, a second pumice and sulphuric bottle was put in place 
of the one just removed, and the clamp being taken off the tube leaving 
the hydrogen chamber, another 100 litres of air were drawn through. 
In four out of the six experiments this second exit bottle either did not 
gain in weight or the gain was so slight that it could not be appreciated 
by our balance, which would not when loaded with 3 kilos, turn to less 
than. 2 centigrammes. In the two’ in which the second bottle did 
increase in weight the gain was added to the increase in weight of the — 
first bottle. The total weight of water formed divided by nine tes the 
weight of hydrogen burnt. | 

The following table shows the results of the six experiments. 

From these experiments it appears that even in a short experiment 
of 45 minutes’ duration, the calorimeter will measure, within about 
2 per cent., differences in the heat-loss by radiation of an animal placed 
in the apparatus. For the reasons given on p. 133 and because the flask 
was placed on four corks and therefore must have lost heat by direct 


7 1 The reasons for the fact that in these two experiments the aspiration of 300 litres of _ 

air did not absolutely dry the chamber were probably: 1st, They were two experiments 
in which most water was produced by the hydrogen, which gave off more calories than 
would probably be produced by any animal the chamber would hold: 2nd, In these two 
experiments the entrance tube was not carried to the top of the chamber and, therefore, 
the air was more slowly mixed in it. The six experiments already mentioned on p. 130 
show that when these sources of error are avoided the eapiestion of 300 litres is ample to 
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_ Tadiation to the floor of its chamber, we could not, however, accurately 
_ Judge by these experiments to what extent the calorimeter gave correct 


TABLE 1. 


Number of Number of | Percentage | Deviation from 
No. of yy ag excess on the the mean 
exp. y ing 0 y the part of the | percentage excess 
hydrogen. | flask. per 


flask. (7 per cent.). 
2. 14:3 8-3 1:3 
3. 12°8 134 47 2-3 
4. 141 151 71 0-1 
5. 14:7 15-8 7-5 05 
6. 15°3 0-7 


indications in terms of absolute units of heat’. We therefore made a 
further series of experiments in which there were no uncertainties in 
calculating out results. 


SEVEN CONSECUTIVE ConTROL EXPERIMENTS. 
HYDROGEN BEING BURNT IN BOTH CHAMBERS OF THE CALORIMETER. 


In these experiments both chambers were shut and shown to be 
air-tight. It was not necessary to empty them of the moist air they 
contained, for as both had been left open to the outside air before being 
shut the air in each contained the same amount of moisture. A 
sulphuric acid and pumice bottle was put in the path of the entering 
air and a weighed sulphuric acid and pumice bottle was placed in the 
path of the air leaving each chamber. The hydrogen was simultaneously 

. lit in both chambers and the flame was kept in each at such a height 
that the fluid in the manometer was stationary. Aspiration at an 
equal rate through each chamber was carried on, and at the end of a 
given time, usually about an hour, both hydrogen flames were simul- 
taneously turned out. Aspiration was then continued through both the 
chambers till 300 litres of air had been drawn through each after the 
hydrogen was turned out. By this means the equal amounts of 
moisture originally in each chamber and all the water produced by the 
burning hydrogen in each, were absorbed. But as the fluid in the 


1 In an experiment with an animal the sources of error mentioned on page 133 would 
not be present, and the double floor of the creature’s cage would prevent direct radiation ~ 
from the animal to the floor of the chamber. | 
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- manometer had been kept stationary, or as nearly so as possible, it is 
clear that if the instrument is efficient equal amounts of hydrogen 
should have been burnt, that is to say, equal amounts of water should 
have been produced. Therefore, if the increase of weight of the 
sulphuric acid and pumice bottles attached to the exit tubes of each 
chamber was identical, the instrument was working satisfactorily. The 
following table shows the results of these seven experiments. 


TABLE 2. 
Grammes of water pro- | Grammes of water pro- 
duced by hydrogen duced by hydrogen Error No. | 
burning in west burning in east per cent. of exp. 
chamber. chamber. 

(3°98 3°83 3°7 1. 

44 4°32 2. 

2°04 2:01 1°9 4, 

1°52 1°52 0:0 5. 

3:27 3°37 2°9 6. 


West in excess 3 times; viz. 3-7, 1-8, 1-9 per cent. 
East in excess 3 times; viz. 1:5, 2-9, 1°9 per cent. 
West and East equal once. 

Average error that the West is in excess 0°17 per cent. 


It will be seen that on no occasion was the error greater than 3°7 
per cent., and in five out of the seven it was under 2 per cent. The 
great advantage, as we have already insisted, of these controls in which 
hydrogen is burnt in both chambers is that, as each chamber is fitted 
with a hydrogen burner a control can be done at any time in the 
- course of a series of animal experiments. 


EXPERIMENTS ON ANIMALS. 


We have performed some experiments on rabbits with this calori- 
meter, but we have not done enough for it to be possible to draw any 
conclusions as to the normal heat production of these animals. Our 
-object has merely been to show that this calorimetric method is applic- 
able to measuring the heat production of animals. — 

While the animal is being weighed and its temperature being 
taken, the chamber in which the hydrogen is going to be burnt should 


+ 
4 
3 
4 5 
4 
x 
ia 
i 
4 
bY 
5 
3 
4 
3 
3 ‘ 
a 
> 
3 
2 
3 
fe 
i 
4 
3 . 
3 
3 
3 


ANIMAL CALORIMETER. 137 


be shut up air-tight, and then 300 litres of air, which has previously 
passed through a pumice and sulphuric acid bottle, should be drawn 
through it. When this is done the air in it will contain no moisture. 
A weighed sulphuric acid and pumice bottle is then put in the outgoing 
current of air from the hydrogen chamber. The cage for the animal is 
then taken out of its chamber, the animal is put in it and the cage is 
replaced. The chamber is then shut up, the hydrogen in the other 
chamber is lit simultaneously, and the flame is kept at such a height 
that the level of the fluid in the manometer is stationary. An equal 
quantity of air is drawn through each’ chamber, care being taken that 
enough is drawn through to prevent a deposit of moisture in the 
chamber. At any given moment the animal may be taken out, but at 
the same moment the hydrogen must be turned out. The aspiration is 
continued through the hydrogen chamber for 300 litres, so that all the 
moisture produced by burning the hydrogen is collected in the exit 
sulphuric acid and pumice bottle. The latter is then weighed, and from 
the increase of weight we can easily calculate the number of calories 
given off by the burning hydrogen to the calorimeter, which must, as 
the manometer has been kept steady, equal the number of calories 
given off by the animal to the calorimeter. The following are the 
details of an actual experiment. 


grammes 
Weight of sulphuric acid and pumice bottle at 
exit of hydrogen chamber before expt. 3606°34 
do. do. after expt. 3607-92 
‘, water produced by hydrogen flame = 1:58 


.. hydrogen burnt = = 176 grams. 


calories produced in the chamber = 28:9 x 176 = 5-08. 


The time the hydrogen was burning, that is to say, the time the 
animal was in its chamber of the calorimeter, was exactly one hour, so 
that the creature gave up to the calorimeter 5°08 calories per hour. 
The following are the results of four experiments made upon different 
days upon the same animal, a healthy brown male rabbit weighing 
3080 grms. The rectal — was always taken before and after 
the experiment. 
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TABLE 3. 
Calories given off per hour ; 
by rg rabbit to the ‘No. of exp. 
calorimeter. 
7°37 2. 
6°89 4, 
6°64 1. 
5°08 3. 


Now these figures do not represent all the heat given off by the 
animal. We have already shown that the heat expended in warming 
the air drawn through the apparatus may be neglected; but that which 
is employed in volatilizing the aqueous vapour given off from the animal 
is not included. 

The details of the method of determining the quantity of this 
aqueous vapour by means of Woulff’s bottles connected with the 
animal chamber have already been described by one of us’. The heat 
required to evaporate a gramme of water at the temperature of the 
rabbit is a known constant [‘57 calories], so that the heat expended by 
the animal in volatilizing aqueous vapour can easily be obtained by 
- multiplying 57 by the number of grammes of moisture given off by the 
animal, Thus, in the example given below, the animals [two guinea- 
pigs were in the calorimeter] gave off in an hour 1°74 grammes of 
moisture ; and 1°74 x ‘57 = "99, so that the animals gave off ‘99 calories 
by evaporation, which will be seen to be nearly a fourth of what they 
gave off by radiation and conduction. 

Our apparatus was designed with a view to combining calorimetry 
with determinations of respiratory exchange by the method described 
already by one of us. We have not yet made any combined determina- 
tions with the calorimeter actually described above, but subjoin the 
results of an experiment made with a smaller calorimeter of similar — 
shape. In this experiment the compensatory source of heat was a spiral 
tube through which warm water flowed, and the loss of heat from the 
animals by radiation and conduction had to be calculated by taking the 
average result of several observations of the rate of heat lost at different 
times during the experiment. The apparatus had been thoroughly 
— tested, both as a calorimeter and respiration apparatus, but had the 
disadvantage of only indicating the rates of heat-loss at the moments of 
observation. 7 

This Journal, Vol. x11. p. 427, 1892. 
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Two guinea-pigs, weighing together 1245 grammes, placed in the calori- 
meter. Duration of experiment 121 minutes. Ventilation current = 360 
litres per hour. 


Heat-loss per hour by radiation and conduction 3°88 calories 


evaporation 99 4, 
Moisture hes off per hour 1°74 grammes 
co, 
absorbed 158 
Respiratory quotient 


In conclusion we claim for the apparatus in which hydrogen is 
burnt in one chamber :— | 

[1] That it has been shown to be accurate and that its accuracy 
can at any time be easily tested. 

[2] That it can be used simultaneously as an accurate respiration 
apparatus. 

In the above description we have laid special stress on the test 
experiments, and said comparatively little as to the physical principles 
on which the calorimeter acts. We have done this purposely, knowing 
from much experience the absolute necessity of test experiments, and at 
the same time not wishing to burden the description more than seemed 
essential. We have also refrained for this reason from referring to a 
long series of preliminary experiments, and to the more or less un- 
successful efforts we have made to simplify the calorimeter in various 
directions. 
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ON ABSORPTION FROM AND SECRETION INTO THE 
SEROUS CAVITIES. By ERNEST H. STARLING, 
M.D., MR.C.P. anp ALFRED H. TUBBY, MS. Senior. 
Demonstrator of Physiology at Guy's Hospital. 


(From. the Physiological Laboratory, Guy's Hospital.) 


Ir has long been known that solid particles are absorbed from the 
serous cavities, and that some time after their introduction they are 
found in the lymphatics lying under the serous membranes; and 
Recklinghausen’s observations showed that the stomata were the 
channels by which this transference took place. The question as to 
the mode of absorption of fluids and substances in solution is still — 
an open one. Although it has been answered in various ways by 
different authorities, yet the nature of these answers was more 
determined by theoretical considerations than by actual experiment. 

The question then which we had to decide was, Does the absorp- 
tion of fluids and dissolved substances from the serous cavities take 
place entirely by way of the stomata and lymphatics, or is it also 
effected directly by means of the blood vessels lying in the serous 
membrane? The allied question as to the absorption of dissolved 
substances from the spaces of connective tissues has often been the 
subject of investigations, which have resulted in the conclusion that 
many fluid substances diffuse through the wall of larger and smaller 
vessels and so get from the tissues into the blood. 

The experiments of Prochaska, Magendie and others, which were 
directed to solve the above question, proved that the absorbed 
substances really reached the blood by passing through the blood 
vessel walls, In these experiments, substances such as sulphocyanates, 
or colouring matters were used, since they could be easily detected 
after absorption. In order to be certain that the absorption took place 
only by means of the blood vessels several methods were used. In one 
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experiment Magendie laid bare a long piece of a large vessel, cut 
it through in two places, and restored the connexion by means of two 
tubes. Under the isolated piece of vessel was then placed a plate 
or metal trough containing the solution which was to be absorbed. In 
other experiments all the lymphatics coming from the part were 
ligatured, or all the tissues of a limb cut through with the exception of 
a main ‘artery and vein. Under these circumstances, injection of 
strychnine for example under the skin of the limb was followed by the 
usual physiological results, showing that the poison must have been 
absorbed by means of the blood vessels. Heidenhain has objected 
to these experiments of Magendie’s that proper care was not taken to 
‘ensure the absence of an increased tension produced by the forcible 
injection of fluid under the skin. The subject has been recently 
reinvestigated with proper precautions by Ascher, under Kiihne’s 
superintendence. This worker has entirely confirmed Magendie’s 
conclusions. A soluble substance, such as potassium iodide, allowed to 
drop on to an open wound, is absorbed directly into the blood, without 
having to take a devious route through the lymphatic channels and 
ductus thoracicus. 

Arguing from analogy, one would expect the same thing to hold 
good for the serous cavities. Magendie found that, after introduction 
of poison into the pleural cavity, death took place earlier if the volume 
of circulating blood had been diminished, and later, if it had been 
increased by injection of fluid into the circulation. This dependence of 
the absorption of the poison on the quantity of the circulating fluid 
seemed to point to the passage being directly into the fluid, and 
Ludwig, in his text-book, certainly looks upon the absorption from 
serous cavities as conforming to the same laws as absorption from 
connective tissue spaces. 

Dybkowsky? distinguishes two modes of absorption from the 
pleural cavity. In the first mode, fluids with suspended particles 
are pumped through the stomata into the lymphatics by the respiratory 
movements. The second consists in an interchange between the blood 
in the blood vessels and the fluid in the pleural cavity. This occurs 
by diffusion and filtration over the whole surface of both visceral and 
parietal pleure, and cannot, Dybkowsky says, be observed by itself. _ 

He points out that, on injection of concentrated solutions of sugar 
into the pleural cavity, the sugar disappears very rapidly from the 


1 Dybkowsky. Ludwig's Arbeiten, 1866, p. 191, 
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pleural fluid and appears in the urine. On the other hand, substances 
such as proteid diffuse from the blood into the pleural fluid. 

- In spite of these experiments, Recklinghausen’s observations on 
the passage of fluids, such as milk, through the stomata of the 
diaphragm, have attracted so much attention that the second mode 


of absorption from the serous cavities has sometimes been quite 


overlooked. Physiologists are inclined to ascribe the quick absorption 
of fluids and dissolved substances from these cavities to the admirable 
arrangement of the absorbents or lymphatic apparatus with which they 
are provided, and we ourselves regarded it as entirely open to question 


whether any absorption took place with the iiviernediation of the 
blood vessels at all. 


Method of experiment. 


The solution of this question presents no experimental difficulties. 
The animals, which were dogs varying from 4 to 8 kilos in weight, were 
anesthetised with morphia and A.C.E. mixture. The thoracic duct 
was then exposed in the usual way and a cannula inserted, and the 


lymph collected in graduated cylinders. In several cases the right 


thoracic duct was ligatured at the beginning of the experiment. An 
opening was then made into the left pleural cavity and a Y-shaped 
cannula inserted. One limb of the Y, which projected into the pleural 
cavity, was securely fastened by a ligature round the skin of the wound. 
The second limb was connected by a rubber tube (clamped) with a 
burette, and the third limb was provided with a rubber tube which 
fitted the nozzle of a brass syringe. The air which had entered 
the pleural cavity during the operation was sucked out by means of a 
syringe, so as to restore the negative pressure in the cavity, as was 
shown by the quiet regular breathing of the animal during the 
experiment, A cannula was then tied into the ureter, or in most cases 
into the bladder, either through an opening in the abdominal wall 


or through an opening in the urethra, which was — by splitting 


the symphysis pubis, 

Our object of course was to see whether soluble ‘inna injected 
into the pleural cavity appeared first in the thoracic duct or in the 
urine. If they appeared in the urine at all after ligature of both 
thoracic ducts they must have passed through the walls of the blood 
vessels, and presumably through those of the pleura. A further clue 
as to the channels of absorption would be furnished by the amount 
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of flow from the thoracic duct. Thus if 20 c.c. of fluid disappeared in 
the course of the experiment from the pleural cavity, a considerable 
increase of flow from the thoracic duct would be expected if the 
absorption took place in this way. It will be seen from our experiments 
that the lymphatic resorption is a very slow process, and is indeed 
so small that it may be disregarded in an experiment lasting from 3 to 
4 hours. | | 
| The preparations being complete, a measured amount of normal 
‘saline fluid holding in solution a substance whose absorption we wished 
to investigate, was run into the pleural cavity from the burette. The 
animal was kept then from 2 to 5 hours, during which time the — 
lymph and urine were collected. At the end of this time the dog was 
killed by blowing air into its veins, and a post mortem examination 
made at once, the first step in the examination being the collection and 
measurement of the residual fluid in the pleural cavities. This fluid 
was afterwards in most cases examined with the view of determining 
the changes it had undergone during its sojourn in the pleural cavity. 
_ We have made twelve experiments on the absorption of colouring 
_ matters (indigo-carmine and methylene blue) from the serous cavities. 
In nine experiments fluid was put into the pleural cavity and in three 
into the peritoneal. Of two of these we give the protocols (Exp. I. IL). 
In all cases except one the urine became coloured before the lymph. 
In this one experiment no urine was secreted at all. The lymph 
becamie slightly tinged with blue half-an-hour after the injection of 
fluid into the pleura. In the others, 5—20 minutes after the injection 
of the coloured fluid into the serous cavities the urine became tinged 
with blue, when indigo-carmine was used, or green, when methylene 
blue was the substance employed. The urine; on shaking with air, 
rapidly deepened in tint, until the colour was as intense as that of the 
fluid injected. After a further lapse of time, varying from ten minutes 
to four hours, the lymph flowing from the thoracic duct also became 
slightly tinged, but the colour never deepened, on shaking with air, 
beyond a very light blue or green. The flow of lymph was not 
increased. . The exact period at which the colour appeared in the urine 
and lymph respectively seemed to be dependent on the rapidity at 
which these two fluids were being secreted. Thus in one case where 
the flow of lymph was very slow, the urine became green within twenty 
minutes, while no colour appeared in the lymph until the lapse of 54 
hours. In other cases, where the flow of lymph was more abundant 
than that of urine, the colour appeared in the lymph ten minutes 
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after the urine became green. It will be seen from Exp, II. that the 
same thing holds good for the peritoneum as for the pleura. 

It might be argued from these experiments that the absorption of 
the colouring matter from the pleural or peritoneal cavity took place by 
means of the blood vessels and by means of the lymphatics, the former 
process however being the quicker of the two. It is very doubtful 


_ however whether the slight colouration of the lymph which was 


observed in these experiments is occasioned at all by lymphatic 
absorption. If methylene blue or indigo-carmine be injected into the 
blood stream, the lymph flowing from the thoracic duct within half a 
minute becomes coloured. Now in these cases the colouring matter 
must have been present in the blood in order to have been excreted by 
the kidneys, and the colour of the lymph may be caused by a passage 
of coloured lymph from the blood vessels, not by any direct absorption 


of the blue from the serous cavities, In Exp. I. and IL, specimens of 


blood were drawn from the femoral artery during the course of the 
experiment, These were allowed to clot and centrifuged. The serum 
of all specimens of blood taken during the secretion of coloured urine 
was tinged with blue. In Exp. II., the tint ofthe serum was nearly . 
the same as that of the lymph obtained during the same period ; and in 
Exp. I., there was very little difference between the specimens of serum 
and the lymph secreted at the same time. | 

So far then. our experiments prove conclusively that dissolved 
colouring matters are taken up diréctly by the blood vessels from the 
serous cavities, but afford no evidence of any absorption by way of the 


_ lymphatics. That such absorption does take place is shown by the 


staining of a gland in the anterior mediastinum in Exp. IT, and is also 
proved incontestably by the experiments of all authors who have 
worked on lymphatic absorption. We have only to consult Dybkowsky’s 
experiments however, to see that this mode of absorption is an ex- 
tremely slow one, at any rate under normal conditions of respiration. 
At the end of the experiments, which lasted from two to six hours, 
the dog was killed and the fluid withdrawn from the chest. This was 
found to have undergone certain changes; 10 to 30°/, of the fluid had 
disappeared ; the blue colour was less intense, and the fluid contained 
a variable amount of coagulable proteid. When put aside, a delicate 
clot formed in many cases in the fluid. We see here that an inter- 
change had taken place between the fluid in the pleura and the blood 
in the surrounding blood vessels, each taking from the other that 
constituent which it did not possess. We see in fact that the same 
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relationship exists between the blood and the fluid in the serous 
cavities, as between the blood and the lymph in the lymph spaces in 
the various tissues of the body, and that, as pointed out by Heidenhain, 
the lymph flow from a part affords no conclusive criterion of the 
chemical changes going on in that part. 


The Injection of Lymphagogues. 


At the close of his paper on lymph formation Heidenhain says, 
‘ Pathology, even to-day, gives no clear answer to the simple question,— 
why does the sting of a bee cause local cedema? Possibly my 
experiments may open the way to a clearer understanding of the 
matter.’ The discovery by Heidenhain of the class of bodies which 
he terms lymphagogues, naturally suggests the thought that the local 
edema produced by various lesions may be due not to a pathological 
affection of the blood vessels, but may be a physiological reaction of the 
capillary endothelium, a real secretion of Iymph, evoked by the 
presence of lymphagogue substances, either arising in the tissues 
themselves or introduced from without, which excite the secretory 
activity of the cells. There would be a difference however between the 
conditions in these cases and in Heidenhain’s experiments. In the 
latter the lymphagogue substance is present within in the blood 
vessels. In the case of the sting of a bee the presumed lymphagogue 
would be present in the tissue spaces and therefore outside the blood — 
vessels. The question then arises whether any of the first class of 
lymphagogues will exert the same influence on lymph production when 
applied to the outside of the vessels. The analogy between the pleural 
cavity and the other lymph spaces of the body enables us to put this 
question to the test of experiment. If these lymphagogues act as such 
when applied to the outside of any vessel, we might expect their 
presence in the pleural cavity to cause an increased secretion of fluid 
into that cavity. 

This is not however the case. We have erierimenited with three 
substances, “peptone” (Griibler’s), decoction of mussels, and tissue 
fibrinogen. In no case was the fluid in the pleura increased. The 
absorption of fluid took place as in our experiments with methylene 
blue, and there was at the same time an interchange between blood and 
pleural fluid, 

Thus when a solution (5°/,) of peptone in normal saline was 
injected, peptone appeared in the urine after the lapse of two hours. 
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The dog was killed at the end of three hours, when the same amount of 
fluid was recovered from the pleural cavity as had been injected. It 
contained however only 1°3°/, of peptone, and about 1°4°/, of coagulable — 
proteid. A delicate clot was formed in the fluid on standing, showing 
that the presence of this large amount of peptone had no inhibitory 
influence on the coagulability of the fluid. (See Exp. IV.) 

In Exp. V. a decoction of mussels was injected. (The efficacy of 
this extract as a lymphagogue had been proved by previous experi- 
ments.) In this case the fluid in the pleural cavity had diminished in 
24 hours from 50 c.cm. to 40 c.cm. 

The result was the same when a solution of tissue Pt ea was 
introduced. 

Our experiments then afford us no grounds for looking on a_locally 
increased production of lymph as due to the presence of lymphagogue 
substances in the lymph spaces of the part affected, although they are - 
not conclusive against it. 

It must be remembered however that these substances such as 
mussel extract and peptone have been only proved to have an influence 
on the flow from the thoracic duct, and their influence on the lymph 
flow from other than the abdominal viscera has not yet been investi- 
gated. It is quite possible that their influence is confined to the vessels. 
of the abdominal viscera’. 

Our next step was to investigate the action of lymphagogues of the 
second class when injected into the pleural cavity. We give the 
protocols of three experiments (Exp. VI., VII. and VIII.). 

It will be seen from these that injection of concentrated solutions 
of sugar or salt into the pleural cavity causes a copious flow of fluid 
into the cavity. 

Thus in Exp. VI. at 11.55 am. 50c.cm. of a 10 °/, solution of dextrose 
were put into the pleural cavity. The dog was killed at 1.40, when 
96 c.cm. of fluid were recovered, | 

In Exp. VII. 50c.cm. of a 10°/, solution of dextrose in. normal 
saline were run into the pleura. Two hours later the pleural cavity 
contained 88¢.cm. This fluid only contained 0°5°/, of sugar, and a 
small amount of proteid. 

In Exp. VIII 50 c¢.cm. of a 10°/, solution of NaCl were run into 
‘the pleural cavity. At the end of 34 hours the dog was killed and 
170 c.cm. of fluid taken out of the chest. 


1 Op. This Journal, Vol. x1v. p. 150. 1893. 
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We have spoken of these substances as lymphagogues, since it was 
their action on the lymph flow that Jed us to study their effect when 
introduced into the pleural cavity. But it is evident that we have here 
to do, not with an active secretion of fluid from the blood vessels, but 
with a more physical process—a diffusion of fluid from the blood into 
the pleural fluid determined by the high “tonicity” or osmotic pressure 
of the latter. Thus NaCl has an osmotic pressure which is more than 
double that of an equal weight of grape sugar, so that a 10°/, solution 
of NaCl would be isotonic with a 27 °/, solution of dextrose. 

Hence we get a much larger effusion of fluid into the pleural cavity 
after injection of a 10°/, solution of NaCl, than after injection of a 10°/, 
solution of dextrose. 

It is instructive to compare with these experiments the results of 
injecting hypotonic solutions, such as °75°/, saline (which, as Ham- 
burger has pointed out, is only normal for the frog) and distilled 
water. Details of two such experiments are given in Protocols III. and 
IX. In Exp. Il. 40c.cm. of *75°/, NaCl solution were injected at 11°55. 
44 hours later, when the dog was killed, 25 c.cm. of fluid were taken out 
of the pleura. | 

In Exp. IX. 50 c.cm. distilled water were injected. 14 hours later 
on 30 ¢.cm. were found, showing that 20 c.cm. had been absorbed in 
this short time. 

In both these cases in which the injected fluids were hypotonic to 
the blood plasma, there was a movement of fluid from the pleural 
cavity into the blood vessels. 

So far then the absorption of fluid from or secretion into ib pleura 
seems to be determined simply by the osmotic pressure of the fluid 
already in the pleura. We thought therefore that when any fluid was 
injected into the pleural cavity there would be a transference of fluid 
from blood vessels to pleural fluid or vice versa, until the osmotic 
pressures on both sides of the endothelium were equal. During this 
time an exchange of the solids of the blood and pleural fluid would also | 
take place, and this would continue after the osmotic pressures were 
equalised, until the chemical constitution of the two fluids were also 
equalised. 

After the establishment of osmotic equilibrium it would seem that 
the absorption of fluid from the pleural cavity is extremely slow, so 
that it might perhaps be effected by the lymphatics alone. 

The absorption of normal saline for instance proceeds at first rapidly. 
After 2 hours however, when the fluid contains coagulable proteids 
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and is alkaline in reaction, the absorption goes on much more slowly, so 
that whereas 20 cc. of fluid may be absorbed in the first two hours, — 
some of the fluid may, as Dybkowsky showed, be still unabsorbed 
24 hours later. 

This view is identical with that put forward by J ohannes cessed 
on, so far as we know, @ priori grounds. 

If this hypothesis be correct, then on injecting a fluid eclae the 
same composition as the circulating blood, we ought to find that the 
absorption is very slow, and that the composition of the fluid remains 
unaltered, 

In Exp. X. 50 c.cm. of defibrinated blood, taken toon the dog’s 


_ femoral artery, were injected into the pleura at 12.45. At 4.5 the dog 


was killed and 51 c.cm. of fluid recovered. The fluid injected contained 
19°8°/, solids. The fluid obtained at the end of the experiment 
contained 18°7 °/, solids, so that there had been an exsudation of water 
from the blood vessels into the pleural cavity. 

During this time however the circulating blood must have also 
become less concentrated in consequence of the withdrawal of the 
100 c.cm. blood. In another similar experiment therefore we deter- 
mined the total solids in the defibrinated blood taken from the artery 
at the beginning and end of the experiment, and also in the defibrinated 
blood taken from the pleural cavity. 


Oct. 16, 1893. Dog about 6 kilos. 

Bled to 100 c.cm. at 2.10. 

At 2.25 ran in 50 c.cm. of defibrinated blood into sleneil cavity. This 
contained 19-95 °/, solids. 

At 4.25 dog killed by bleeding. | 

45 c,cm. of fluid recovered from pleural cavity. This contained 19-79 °/, 
solids. 

The first portion of blood obtained at 4.25 was defibrinated. This 
contained 18-67 °/, solids. 


So that in this case the diminution in total solids of the blood seems 
to explain the diminution in total solids of “the blood - ‘injected into the 
pleura. 

With injection of serum we obtained similar results, 


1 Cp. Johannes Miiller, Elements of Physiology, Baly’s translation, Vol. 1, p. 248, 
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Oct. 19, 1893. Dog about 5 kilos. 

At 11.10 50 ccm. of blood serum (from another dog) run into pleural 
cavity. This contained 8:4 °/, solids. 

Dog bled from femoral artery at 1.20. This sates, centrifuged. Serum 
contained 7:2 °/, solids, 

At 1.25 dog killed. 

59 c.cm. of fluid recovered from chest, This contained 7°14 °/, solids. 


Here again we obtained equilibrium between the fluids on the two 
sides of the pleural endothelium. It seems then that the absorption of 
fluid from the chest by means of the blood vessels and secretion of 
fluid into the chest are determined by the chemical characters of the 
fluid already in the chest. 

It is a natural conclusion from these experiments to say that these 
two processes of absorption and secretion are osmotic, and dependent 
on the varying osmotic pressures on the two sides of the pleural wall. 
This however is not the case. We have already shown that ‘75 °/, saline 
is absorbed at first fairly rapidly from the pleural cavity. We thought 
that if we used a saline fluid that was normal for mammals, viz. a 
solution of NaCl containing ‘92°/, salt, that the amount of fluid would 
remain stationary, and that we should find merely an alteration in its 
composition at the end of a few hours. We found however that saline 
of this composition was absorbed as rapidly as °75°/, saline. 


Thus on Oct. 9, 1893, we injected 50 c.cm. 0-92°/, saline into the pleura 
at 11.0 am. At 2.30 the dog was are and only 26 c.cm. could be 
recovered, 

On Oct. 13 we injected 50 c.cm. 1°2°/, saline into the left pleura of a dog 
at 2-5 p.m. The dog was killed at 4.5, when only 42 c.cm. of fluid could be 
recovered, 

We then increased the amount of salt still further. 

Dog about 6 kilos. At 10.45, injected 50 c.cm. 1:5 °/, NaCl solution into 
pleural cavity. Dog killed at 12.45; 67 c.cm. of fluid recovered from pleural 
cavities. This only contained 0-64 °/, NaCl. 

In another experiment 50 c.cm. of 1 °/, NaCl solution were injected. 
2 hours later only 43 c.cm. could be recovered. 

On Nov. 8 we tried again the effect of 1°5°/, saline. 50 c.cm. of 1°5 °/, 
saline injected into pleura at 1.30. At 2.30 dog killed and 55 c.cm. fluid 
recovered. This contained 0°58 °/, NaCl. 


It is evident from these experiments that although a great excess of 
osmotic pressure in the pleural cavity can determine a flow of fluid 
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from the blood into the cavity, yet if the difference between the 
osmotic pressures in the pleural fluid and blood is not excessive, fluid 
will be taken up by the blood. The cells between the blood and the 
pleural fluid seem to exert a pull on the latter; in fact there is an 
active absorption going on. The celJs must perform a considerable 


amount of work in this absorption, but the work they can do has a 


limit. If this limit be passed then the passage of fluid follows the 
osmotic difference. So that we must look upon the living cells as 
being actively concerned in the absorption of a fluid such as 1 °/, saline. 

On the other hand, there can be no doubt that this absorption is 
conditioned (whether physically or physiologically we cannot at present 
say) by the chemical constitution of the pleural fluid. If this latter 
has not only, a ‘normal’ osmotic pressure, but also a nearly ‘normal ’ 
composition, then the flow of fluid takes place so as to make its 
composition the same as that of the circulating plasma. Whether with 
an absolutely normal fluid in the pleural cavity any absorption by way 
of the blood vessels takes place at all, we cannot say. At any rate 
absorption under these circumstances takes place extremely slowly, so 
that we cannot exclude the possibility that the whole of it takes place 
by the lymphatics, as Miiller suggested. 

Two more experiments may be ue as bearing ouit these con- 
clusions. 


Nov. 2, 1893. Dog about 10 kilos. At 2.40, 70 c.cm. of a tabi of 
equal parts of dog’s serum and ‘95 °/, NaCl solution injected into the pleura. 
At 4.40 dog killed ; 67 c.cm. of fluid recovered. 

The injected fluid contained 4:3 °/, total solids. The: fluid taken out of the 
chest contained 4:5 °/, total solids. The blood serum (from femoral artery) of 
the dog contained 7°6 °/, solids. 

Nov. 10. Dog 7 kilos. At 9.35 a.m. injected 50 c.cm. of 1:5°/, NaCl 
solution into pleura. 

At 6 p.m. dog killed ; 52 c.cm., fluid obtained from chest. This contained 

‘71°/, NaCl and a considerable amount of coagulable proteid. 


Although our experiments thus point to the fact that the absorption 
of fluids from the serous cavities is not a mere question of osmosis, they 
do not give a clear answer as to the exact mode of absorption under all 
circumstances. For instance normal blood serum is absorbed with 
extreme slowness. On the other hand a solution which, according to 
Hamburger, has an osmotic pressure equal to normal serum, is 
absorbed rapidly. What is the factor in determining the difference in 
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the rate of absorption of these two fluids it is difficult to say. Perhaps 
it is that the endothelial cells are stimulated to active absorption by 
the presence of any abnormal fluid in the pleural cavity. So soon as 
the fluid, in consequence of interchanges between it and the blood 
plasma, has become a normal pleuritic fluid, then this stimulus is 
removed, and absorption then proceeds extremely slowly, perhaps only 
by way of the lymphatics. We are therefore still in ignorance as to 
the most important question in the whole subject, namely the manner 
in which an ordinary pleuritic effusion is absorbed. ‘We hope however 
to investigate this subject further.’ 


Conclusions. 


I. Our experiments show that colouring matters in solution placed 
in serous cavities are absorbed directly and rapidly by the blood vessels; 
and this is accompanied by an interchange between the fluid in the 
cavities and the blood in the vessels. 

II, The presence of blood lymphagogues in the pleural cavity does 
not cause an increased secretion of lymph into that cavity, but an 
interchange between the blood and pleural fluid goes on as with | 
injection of indifferent substances, 


IIf. Absorption from or secretion into the pleural cavity is not a 
mere question of osmosis. There is evidence to show that with certain 
solutions an active absorption from the cavity may take place, whether 
by the blood vessels or pleural endothelium we are at present unable to 
determine. 


PROTOCOLS. 
Anesthetics (cp. text) were in all cases used. 


EXPERIMENT I. 


June 6, 1893. Bitch ee 6 kilos. Oannulae in thoracic duct and 
bladder, and in left femoral artery for bleeding. Y cannula in left pleura. 
Right lymphatic duct ligatured. 

Time Lymph ‘Urine 

3.30—40’ =°4¢.cm. Colourless 5°8 c.cm. 

At 3.40, 50 c.cm. of $°/, sol. of Indigo carmine (Griibler) in normal 
saline run into pleura. 


1 It is worth noting that in a recent paper Kolossow denies the existence of stomata, 
or of any direct communication between pleuroperitoneal cavities and lymphatics. 
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3.40—50’ = -4¢.cm. Colourless 5ecm. Blue at 3.47 
3.50—4.20 = 1:4 c.cm. 12 ccm. Dark blue 
4.20—40’ =1:4¢.cm, Slight tinge of blue 7c¢.cm. Very dark blue 
4.40—5.20 =7 c.cm. Light blue 5 c.cm. ga 
(A clot removed from cannula at 5,10.) 
5.20—5.55 =8-4c.cm. Light blue 


Dog killed at 6 p.m. At 3.56, 4.20, 4.40, and 5.15 specimens of blood 
were taken from the femoral artery. These were allowed to clot and then 
centrifuged. The serum in all four specimens was blue, no. 1 being only 
faintly tinged, and the tint gradually increasing in depth to no. 4. In no. 4 
the colour was not so intense as in the corresponding specimen of lymph. 

In the pleural cavities were found 38 c.cm. on left side, 

» on right side. 

The fluid which was blue contained a small amount of proteid. 


II. 


June 5, 1893. Bitch about 5 kilos. Cannula in thoracic duct, and 
cannula in bladder (symphysis sala 
‘Time Lymph Urine 
2.40—50' =2 c.cm. Clear, reddish 3ccm. Yellow, clear 
From 2.50—2.55, 40 c.cm. of 1°/, Indigo carmine in warm normal 
saline allowed to flow into peritoneal cavity. 
-2.50—3.0 =2 c.em. Clear, almost colourless 1°5¢.cm. Blue at 2.57 
3.0—3.10 =18c.cm. Clear and colourless 16 c.cm. Deep blue 


3.10—3.30 = 3°4 c.cm. — tinge a 4‘6c.cm. Very dark blue 
3.30—4.5 =10ccm. Light blue 64 c.cm. (some lost). Very 
dark blue 


4.5—5.5 =75¢.cm. Same colour as last 
specimen 

At 3.50 blood was drawn from femoral artery and centrifuged. The 

serum was bluish, about the same tint as the lymph between 3.30 and 4. . 

Dog killed at 5.15. 15 c.cm. of blue fluid (containing proteids) recovered 

from peritoneal cavity. Bile bright green. No staining of mesenteric glands. 

A gland in anterior inediastinum stained blue. 


} 35ccm. Very dark blue 


EXPERIMENT III. 


May 13, 1893. Dog about 6 kilos. Y cannula in left pleural cavity. 
At 12.55, 40 c.cm. of warm normal saline (-75°/,) allowed to flow into 
pleural cavity. | 
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At 4.25 dog killed. 25 c.cm. of fluid slightly blood-stained, recovered 
from pleural cavity. This was put in an ice chest for two days. At the end 
of that time the fluid was colourless and opalescent, all corpuscles having 
subsided. A delicate clot was floating in it. On boiling the clear fluid gave 
a large precipitate. It was found to contain 1-99 °/; of total solids. | 


EXPERIMENT IV. 


May 9, 1893. Dog about 6 kilos. Cannulae in thoracic duct and bladder. 
Y cannula in left pleura. 

At 1.45 injected 30 c.cm. of 5°/, peptone solution in normal saline into 
pleural cavity. 


Time Lymph Urine — 
1.45—2.45 = 3°8 c.cm. (no peptone) 2°8 c.cm. (no peptone) 
2.45—3.50 = 5:8 c.cm. (no peptone) 2 c.cm. (no peptone) 
3. 50—4. 45 = 2°6 c.cm. ‘(no peptone) 3°4 c.cm., contains a fair amount of 


peptone 
Dog killed at 5.0 p.m. Pleural cavity contained 31 c.cm. of fluid, blood- 
stained. The fluid contained 3-5 °/, total solids, of which 1:3 °/, was peptone. 
A fair amount of coagulable proteid present. 


EXPERIMENT V. 


June 13, 1893. Dog about 7 kilos. Cannula i in dceads duct. Y cannuls 
in left pleura. 


Time Lymph 
2.20—3.0 = 2°6 c.cm. 


3.0—3.10 = 2°3 ¢c.cm. 
3.10—3.25 = 3°5 c.cm. At 3.10, 50 c.cm. of decoction 
3.25—3.40 = 2°5 c.cm. of mussels injected " into 
3.40—4.10 = 4-2 c.cm. pleural cavity. 
4.10—4,30=3 ccm. 
4.30—5.40 = 10 c.cm. | 


Dog killed at 5.45. The lymph kept on clotting in the cannula and hence 
the irregularity in the lymph flow. 

40 c.cm. of blood-stained fluid recovered from the pleural cavity.” The 
next day the fluid was found to have clotted. The serum contained a large 
amount of coagulable proteid. 

(10 grams of dried mussels were boiled for 10 minutes with 100 c.cm. of 
normal saline, and filtered, and 50 c.cm. of the filtrate injected.) 
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E. H. STARLING AND A. H. TUBBY. 


| EXPERIMENT VI. 
J une 20, 1893. Dog about 5 kilos. Cannulae in thoracic duct and 
bladder. Y cannula in left pleura. 
‘Time Lymph Urine 
11.40—11.55=2 drops 3:2 c.cm. (no sugar) 
At 11.55 ran in 50 c.cm. of 10 */, 80l. of dextrose. 


—:11.55—12.40 = 16¢.cm. 8 ccm. (large amount of sugar) 
12.40—1.40 =18ccm. 6c.cm. ( ,, ) 


Dog killed at 1.40. 96 c.cm. of fluid recovered from pleural cavities. 


EXPERIMENT VII. 


June 21, 1893. Dog about 5 kilos. 

At 4.55, 50 c.cm. of a 10°/, solution of dextrose in siewel saline iniested 
into pleural cavity. Dog killed at 6.55. 88 c.cm. of fluid were recovered 
from the pleura. This contained 0°5°/, sugar, and a very sie amount of 


EXPERIMENT VIII. 


June 26, 1893. Dog about 6 kilos. Y cannula in left pleura. 

At 11.10, 50 c.cm. of a 10°/, solution of NaCl run into pleura. Dog 
killed at 2.40. From pleural cavities were recovered 170 c.cm. of blood- 
stained fluid, containing a considerable amount of proteid. 


EXPERIMENT IX, 


June 28, 1893. Dog about 5 kilos. Y tube in left pleura. 
At 3.30 p.m., 50 c.cm. of warm filtered distilled water run into pleural 


cavity. At 5.7 dog killed. P.-M. 30 c.cm. of fluid found in left pleural 


cavity, containing large amount of proteid (4 on boiling). 


EXPERIMENT X. 


July 27, 1893. Dog about 7 kilos. Cannula in thoracic duct and Y 
cannula in left pleural cavity. 
12.25—12.35 =68¢.cm. Milky, a slight tinge of red 
At 12.35 bled from femoral’ artery to 100 ccm. This was de- 
fibrinated. 
12.35—45' = 5:-4c.cm. Milky, slight tinge of red 
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At 12.45 ran 50 c.cm. of the defibrinated blood into the pleural 
cavity. 
= 3:2 c.cm. Same as last specimen 
12.55—1.5 = 3:2 c.cm. “Se 
1.5—1.15 = 3:40m. Very slightly redder 
15’'—25’ = 3:0 ccm. Same as before 
(1.25—2.15 = 14 ccm. 
2.15—3.25 = 12 c.cm. 
,, 4 


Dog killed at 4.5. P.-M. From left pleural cavity recovered 5 c.cm. of 
blood. Specimens of the blood were taken before it was put into the pleural 
cavity, and also of the blood taken out, and weighed and dried at 110° C. 

Blood before injection contained 19-8 °/, solids. : 

After 34 hours in pleural cavity 18-7 °/, solids. 
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NOTE ON THE DEGENERATIONS OF THE ROOTS 
OF THE Vth NERVE. Br RUBERT BOYCE, MB. 


Assistant Professor of Pathology, University College, London. 
(Plate VIT.) 


(From Pathological Laboratory, University College, pare 


In the course of some observations in the cat with regard to degenera- 
tion resulting from removal of one hemisphere and from hemisection 
in the mesencephalon in the quadrigeminal region, I have invariably — 
found descending degeneration of the descending root of the vth, as 
shown by the Marchi method. In two of the very large series of 
cases examined, there was however in addition degeneration of the 
ascending root. 

Descending root of Vth. The cords were furnished by animals 
which lived from ten days to three months after the operation. The 
degeneration of the root was limited without exception to the side of the 
lesion. The opposite nerve was free from degeneration. In every case 
the origin of the nerve was implicated in the wound, which was with 
very rare exceptions strictly unilateral and did not extend downwards, 
The degenerate trunk which is very large, descends towards the level 
of the nucleus of the vith, curves downwards and sweeps out in 
bundles which ascend and join in with the anterior and inner portion of 
the ascending root (Fig. 1); the lowermost bundle is very closely 
applied to the root of the vith. Owing to the looping, the root will 
at a certain level be cut twice, both whilst it is descending ‘and | 
ascending. I find, as is stated, that the root originates in the lateral 
portion of the Sylvian grey matter, behind the large oculo-motor 
nucleus, its highest part coming into relationship with the upper 
oculo-motor nucleus. As the degenerate trunk descends, new fibres 
come into it which originate in all probability in the grey matter on 


“ 

Me 

af 
4 
g 

i 

& 

wey 

4 4 
ad 
4 
> 

3 

‘aa 

4 
tal 

‘ 

+i 

tod 

Fe. 


DEGENERATION IN ROOTS OF Vth NERVE. 157 


its inner aspect; these fibres are not degenerate, not having been 
involved in the lesion, but whether they run out in the vth or in 
the vith, I have not as yet been able to determine, the two nerves 
being so very close together. In harmony with these facts I have noted 
that the total amount of degeneration in the descending trunk may 
vary ; thus in one case where the lesion penetrated into the upper part 
of the pons, the trunk was completely degenerate, whilst in the other 
more usual cases, where the lesion only extended to the oculo-motor 
level, the trunk lower down contained healthy fibres. From their 
origin to their exit the fibres have an unbroken course. 

Ascending root of Vth. In the two cases in which degeneration 
was observed in the ascending root, the lesions which produced the 
degeneration were accidental, and were sequele to the operation of 
removal of the hemisphere, which had been made a few weeks pre- 
viously. In both cases there was evidence of the extension of the 
wound downwards into the pons, and in one of the cases a granuloma — 
was present at the level of entry of the nerve in the middle of the pons. 
Sections at lower levels showed an. absence of inflammatory reaction. 
As the Figs. 2 and 3 show, the degeneration in the ascending root 
is scattered and is not complete. The degenerate fibres diminish in 
numbers as the tract is traced downwards and there is evidence in 
many of the sections that the fibres turn into the substantia gelatinosa. 
The fact that in each of the above cases, the degeneration diminished 
downwards and that there was evidence of inflammatory reaction at the 
level of entry of the nerve, points that the degeneration is an ascending 
one and accords with embryological facts. 

Experimental observations upon the degeneration of the ascending 
root are very few, and in many of these cases the root was cut low down 
in the medulla. I refer to Vulpian, Herzen and Loewenthal, 
Tooth, Sherrington and especially to Forel who extirpated the ~ 
ganglion in the young rabbit and obtained very complete atrophy of 
both the ascending root and the substantia gelatinosa. Most recently 
Ferrier and Turner describe injury to the ascending root followed by 
its degeneration to the 2nd cervical; they also note atrophy (not 
degeneration) of the descending root above the lesion of the lower end 
of the trunk in their cerebellar operations, 

My observations lead me to believe that the descending efferent 
system of the vth is part of the efferent system of higher segments, that 


it is in fact a middle root as advocated on morphological grounds by 
Gaskell, 
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__ I do not propose to discuss here the central connections of the nuclei 
of the vth nerve, but I may mention that in the great majority of 
my experiments the fillet was completely divided in the mesencephalon 


(the animals killed ten days to three months after the operation) and 


that I have not found any degeneration or atrophy which supports 
Hésel’s view of the connection of the fillet fibres with the ep 
nucleus of the vth. 


PLATE VII. 


_ Fig. 1. Section through pons at level of entry and exit of lies and 
descending root of vth. The descending root-fibres (degenerated and cut 
obliquely) are sweeping out in bundles and occupy the anterior and inner 
part of the nerve trunk. The ascending root is normal. Cat, hemi-section 
of mesencephalon (quadrigeminal region). Obj. 35 mm. | 

Fig. 2. Section through lowest part of pons. There is considerable 
degeneration of the ascending root of vth. It is bounded by the vith and 
-vitith nerves. Cat, injury in lower part of pons. Obj. 35 mm. 

Fig. 3. Section through lower portion of medulla. The deaiiincate 
fibres of the ascending root surround the substantia gelatinosa externally and 


slightly posteriorly. The degenerate fibres to the inner and anterior aspect — 


of the substantia are direct lateral quadrigeminal fibres. Cat, as in fig. 2. 
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OBSERVATIONS ON VENOUS PRESSURES AND 
THEIR RELATIONSHIP TO CAPILLARY PRES- 
‘SURES. By W. M. BAYLISS, B.A., BSc. anp ERNEST 
H. STARLING, M.D., M.R.C.P. (Plates VIII. IX. X. and 3 
Figs. in Text.) 


(From the Physiological Laboratury, Guy's Hospital.) 
THE experimental results which we wish to bring forward are largely 


such as might be predicted by anyone with a knowledge of the 
elementary principles of the circulation. Our justification in bringing 


them forward however is that they have not been so predicted, and it 
- was only after obtaining the results that we asked ourselves why they | 


had not occurred to us before. In fact they seem to form part of a 
forgotten or disregarded chapter in the physiology of the circulation, 
although they are of great importance for the question of pressure in 
the capillaries of the abdominal organs and therefore for the physio- 
logical processes of secretion and transudation which take place in these 
organs, 

Thus even in Heidenhain’s experiments on the relationship of 
lymph formation to blood pressure, the arterial blood pressure is the 
only factor measured and is spoken of as if it were synonymous with, 
or varied directly as, the capillary pressure. Now this assumption, 
although true in certain particular cases, would only be true generally 
if the vascular system were similar to a series of tubes through which 
water is flowing from an inexhaustible reservoir. Here changes in the 
height of the head of pressure would cause corresponding changes in 
the pressure at any part of the system. The vascular system however 
is a closed system of tubes with definite capacity and containing a 
definite amount of fluid, and the pressure in any given capillary area 
cannot be at once estimated from a tracing taken from the femoral or 
carotid arteries. | 

PH, XVI. 11 
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In the first place, between capillaries and the arterial pressure is 
situated the peripheral resistance, ie. the arterioles, so that, unless 
we are certain that these arterioles do not alter in size, we cannot say 
that a rise of general pressure will occasion any corresponding rise in 
the capillaries beyond the peripheral resistance. If we have to be 
content with a single determination of pressure, it would be better to 
take the pressure in the vein coming from the set of capillaries, the 
condition of which we are investigating. Here there is in most cases no 
unknown or varying resistance situated between the capillaries and the 
point at which we are investigating the pressure, so that the venous 
pressure would give us a better clue to the variations of the capillary — 
pressure than the observations on arterial pressure. As a matter of fact 


_ however, neither of these methods suffice in themselves, Since we cannot 


conveniently measure capillary pressure directly and do not know the 
rate of fall of pressure in the arterioles, the only method which will give 
us reliable information as to the variations of capillary pressure, is to 
take the pressure on both sides of these capillaries, that is to say, to 
take arterial and venous pressures simultaneously. Even under these 
circumstances however there is a number of variable factors which 
must be taken into consideration before we can decide as to the 
existence or direction of a change in the intracapillary pressure. | 

It will be simpler in the first place to take the case in which the 
distribution of resistance in the area under consideration undergoes no 
change, i.e. the arterioles neither contract nor dilate. In this case, if 
both arterial and venous pressures rise together, or if one pressure rises 
while the other remains constant, we may say with certainty that the 
capillary pressure is increased. In the same way if both pressures fall, 
or if one falls while the other remains constant, the capillary pressure 
must be diminished. If on the other hand, the pressures vary in 
different directions, if, for instance, the venous pressure goes up while 
the arterial pressure sinks, it must be entirely a matter of surmise as to 
what occurs in the capillaries, and the pressure here may be rising, 
sinking, or remaining constant. If the arterial pressure rises while the — 
venous sinks, we can in one case assert that the capillary pressure is 
diminished. This is the case in which the rise in arterial and the fall 
in venous pressure is due to constriction of the arterioles in the part 
under observation. In other cases in which there is a change in the 
calibre of the smaller arteries, the determination of a change in the 
capillary pressure is a matter of considerable difficulty. We will 
take for example the splanchnic area. In the diagram a to b repre- 
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sents the fall of pressure in arteries, b to c from arterioles to capillaries, 
and c to d from aincsgreies to trunk of portal vein. We will assume in 


b 


Cc 
Fie. 1. 


the first place that the resistance from c to d does not vary. The fall 
of pressure from c to d will be then directly proportional to the velocity 
of the blood from c¢ to d. On stimulation of the splanchnic nerves 
there is a constriction of the arterioles and therefore a greater fall of 
pressure from b to c, and a less tlow of blood through the system. The 
pressures both at c and d will be diminished. In consequence of the 

constriction however the general arterial pressure is raised. This rise 
is not sufficient to drive the normal amount of blood through the 
resistance and therefore p(c) and p(d) will be still below normal. 
Now if we put in sufficient resistance at d the rate of fall of pressure 
will be altered and we may by this means increase both p(c) and p(d) 
not only to normal but above normal value. In the body such a 
resistance is interpolated on stimulation of the splanchnics, since a 
constriction of the hepatic branches of the portal vein is thereby 
produced. We observe in fact on stimulation of the splanchnics, a rise 
of pressure in the portal vein as well as in the systemic arteries. Will 
this increased resistance in the liver raise the capillary pressure to 
normal or above normal? The factors on which the answer to this 
question depends will be made clearer if we take numerical values for 
the various pressures, 

p(d) normally is equal to 7mm. Hg. If we assume that the 
resistance from c to d is equal to that presented by the liver capillaries, 
we may take p(c) as 13mm. Hg. This fall of pressure is proportional 

to the velocity of the flow from c to d. 

On stimulation of the splanchnics, v. Basch has shown that the flow 
of blood from the portal vein is diminished to 4 of what it was before. 
The fall of pressure from c to d is therefore also diminished to one-third 
of what it was before, and is reduced from 6 to 2mm. Hg. If in 
consequence of the increased resistance in the liver, the venous pressure 
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were raised to normal, i.e. if » (d) during splanchnic stimulation equals 
7mm. Hg, then p(c) during the same time would be 9mm. Hg—so 
that we should have a fall of capillary pressure, although the arterial 
pressure is raised and the venous remains constant. As a rule however. 
it is found that the portal vein pressure is raised above normal, and _ 
may rise to 12mm. Hg. Under these circumstances p(c) would be 
14mm. Hg, and would be practically unchanged. So that we may 
have a rise of pressure on both arterial and venous sides without any 
corresponding rise of capillary pressure. And if we had taken the 
capillary pressure at 20 mm. Hg instead of 13 mm., there would be an 
actual fall of capillary pressure during splanchnic stimulation in spite 
of the .simultaneous rise in arteries and veins. In fact in this case 
there are too many unknown factors to be certain of the presence or 
direction of any change in capillary pressure. 

Exactly the same difficulty is met with in the converse case, namely 
a fall of one or both pressures associated with a dilatation of the | 
arterioles, Here as in the former case the determining factor will be 
the change in the velocity of the blood current produced by the altered 
circumstances. We may have a fall of capillary pressure, or the 
diminution of resistance may more than counterbalance the fall of 
pressures, so that the capillary pressure will be increased. We consider 
a special case of this description later on (Effects of section of the cord). 

A fall of either or both pressures associated with arterial constriction 
will of course diminish capillary pressure; and the converse case, a rise 
of arterial or venous pressure or of both, associated with arterial 
dilatation, will cause an increase in the capillary pressure. 

In our experiments we have estimated the pressure in the femoral 
artery, in the inferior cava, and in the portal vein. In our earlier 
experiments, about 20 in number, we measured the pressure in one of 
these veins together with the femoral arterial pressure. In our later 
experiments, of which we give the protocols at the end of this paper, all 
three pressures were recorded simultaneously. In this way we hoped 
to throw some light on the variations in the capillary pressure produced — 
in the abdominal organs (intestines &c.) and in the liver, by various 
procedures, such as obstruction of the larger blood vessels, stimulation 
of the vagi or splanchnics, asphyxia and so on. 

Method of experiment. 


In all experiments, medium-sized dogs were used, varying in weight ~ 
from about 7 to 11 kilos. These received half an hour before the 
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experiment an injection of 1 to 2 grains of morphia. During the 
experiment they were kept completely anaesthetic with small amounts 
of A. C. E. mixture. In no case was curare given. | 

Preparation of Splanchnics. These were exposed from the back, by | 
incisions half an inch below and parallel to the last ribs, and were | 
ligatured and divided directly after their passage through the crura of 
the diaphragm. When it was desired to stimulate them they were put 
on Ludwig electrodes, and in any case the wounds were then stitched 
up, leaving only the ends of the electrodes showing. In most cases, on 
exposing the splanchnics, one to three smaller splanchnics on each side 
may be seen passing towards the suprarenal plexus. Sometimes the 
upper one of these runs so close to the large splanchnic that it may be _ 
ligatured and put on the electrode with this nerve. Where this was 
not possible, all the smaller splanchnics were divided or torn through. 
In Exp. 1 the smaller splanchnics could not be seen, so that we had to 
be content with the division of the large splanchnics. 

This method of exposing the splanchnics is fully described by 
Cyon’. He makes the limitation however that the procedure is only 
applicable to small dogs. This limitation does not exist. The opera- 
tion, though rather more tedious, is possible on dogs weighing as much 
as 20 kilos. In large and fat animals however it is necessary to make 
a larger opening, since the wound is much deeper than in small dogs. 

When the splanchnics were to be excited, both sets of electrodes 
were connected in circuit with the secondary coil of the inductorium 
(Mayer’s, with Ewald’s contact breaker). 

The dog was then turned over, and the rest of the seniiaiien 
proceeded with. The vagi were prepared in the neck in the usual 
manner. The femoral artery and common femoral vein were then 
dissected out on the left side, and furnished with Francois Franck 
cannulae in their central ends. In this way we measured the arterial 
pressure in the external iliac artery, and the venous pressure in the 
beginning of the inferior cava. Care must be taken to insert the 
venous cannula above the entry of the deep femoral vein, since there is 
_ often at this point a valve which prevents reflux from the iliac vein. 
It will be observed that in Exp. 13, neglect of this precaution pre- 
vented any observation of the femoral venous pressure, and the 
experiment had to be interrupted for the reinsertion of the cannula. 

Arrangements were then made for the obstruction of the thoracic 
aorta, inferior vena cava, or the portal vein. 

1 Physiologische Methodik, p. 193. 
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For the first two vessels obturators consisting of German silver 
cannulae were used. These were closed and rounded off at one end, 
and were pierced near this end with small holes. Over this end a 
finger cap of india-rubber was tied. The other end of the cannula, 
which was open, had a rubber tube attached to it for the insertion of 
the nozzle of a small syringe. The extent to which the rubber capsule 
might be distended was tried before the experiment, and the same 
quantity of water which was found necessary was injected during the 
experiment. 

In order to obstruct the inferior vena cava, the obturator was 
introduced through the right external jugular vein. For the obstruc- 
tion of the aorta Heidenhain introduced the obturator through the 
right carotid artery. In our small dogs however we found this difficult, 
and killed two by sending the end of the obturator into the pericardium 
through the wall of the aorta. We then thought of introducing the 
obturator through the external iliac artery, and found this extremely 
easy. In all cases therefore in which the aorta was to be obstructed, 
the external iliac artery on the right side was exposed by an incision 
just above Poupart’s ligament, and the obturator introduced in this way. 
The peritoneum was not opened. 

The portal vein was exposed by a small incision in the middle 
line of the abdomen, and a ligature passed round it and attached to a 
ligature staff, so that the vein could be occluded or released at pleasure. 

The last step in the operation was that for taking the pressure in 
the portal vein. For this purpose the splenic vein was used. A small 
incision was made on the left side of the rectus abdominis muscle, 
beginning close under the ribs. Two fingers were then introduced and 
the spleen drawn out. All the arteries going to the spleen were then 
ligatured’, and a cannula (Francois Franck) inserted in the largest of 
its veins, The intestines were not exposed at all during this operation’. 
The cannulae were then connected with the manometers. The arterial 
pressure was registered on a Hiirthle’s kymograph (with slow move-— 
ment) by means of a mercurial manometer. The manometer tube had 
a diameter of 2:5 mm. 

The venous cannulae were connected by rubber tubes to two 
manometers made of barometer tubing with an internal diameter of 


1 If this is not done, the spleen swells enormously, and may give rise to troublesome 
bleeding if accidentally pricked or scratched, 
* A similar method for the determination of the portal pressure was adopted by 
v. Basch, Ludwig's Arbeiten, 1876. 
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15mm. These were fastened on to wooden stands and had scales 
divided into millimetres behind them. The cannulae and manometers 
were filled from the side tube of the cannulae with 25°/, MgSO, solution © 
which was coloured blue with a little methylene blue. The height of | 

the fluid in the manometers was adjusted so as to be about equal to 
the expected venous pressure. A solution of 25°/, MgSO, was also used 
to fill the arterial cannula. By using this solution with narrow bore 
- manometers the danger of clotting was entirely obviated. In no case 
in experiments extending over 2 or 3 hours did clotting ever occur in 
the venous cannulae. Below the tracing of arterial blood pressure a 
time marker connected with a clock registered 10, 15, or 30 second 
intervals, In the time marking circuit was also placed an electric bell, 
which sounded every time that the signal made a mark on the tracing. 

The experiment being ready, the manometers being connected and 
the drum started, one of us sat down opposite the venous manometers, 
and read off their height every time the bell sounded, while the other 
wrote down the figures. Letters were now and then put against the 
venous reading and scratched on the arterial reading in order to be 
certain that the venous and arterial readings were synchronous. 

At the end of the experiment, the. venous and arterial abscissae 
were taken and recorded, and later on the arterial pressure was 
carefully measured and written out in parallel columns with the two 
venous pressures. Some of these records-we give at the end of this 
paper. The venous pressures are given in millimetres of MgSO, solution, 
and the arterial pressure in millimetres of mercury. The solution of 
MgSO, had a specific gravity of 1046, so that it was almost exactly 
13 times lighter than mercury. Hence the venous pressures must be 
divided by 13 to reduce them to mm. Hg. 


Theoretical Considerations. 

The text which is illustrated and confirmed by the whole of our 
observations is furnished by Weber in his classical paper “ Ueb. die 
Anwendung der Wellenlehre auf die Lehre vom Kreislaufe des 
Blutes’ &c.” Speaking of his diagram of the circulation, which with © 
the addition of a funnel in the venous part, is similar to that which 


we give in fig. 2, he says:—* We see on the simplified model of the 
circulation that the pump (the heart) cannot increase the mean 


1 Reprinted in Ostwald’s Klassiker der exacten Wissenschaften, p. 30 (from Berichte ii. 
d. Verhandl. der kinigl. Sachs. Gesellschaft der Wiss, z, Leipzig, 1850). 
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pressure waited on the walls of the system of tubes by the fluid 
contained within them. It can in fact only give rise to an unequal dis- 
tribution of the pressure, by diminishing the pressure in the veins by 
pumping fluid out of them and increasing the pressure in the arteries 
to a corresponding extent by pumping the fluid into them. The mean 
pressure of the fluid in this model can only be increased by distending 
the tubes to a larger extent by the injection of more fluid into them.” 


Arterioles 


- -4-Veins 


Heart 


Fia. 3. 


Thus we may take Fig. 2 to represent the vascular system, which has 
a definite capacity, and contains a definite quantity of blood. If the 
heart AZ is not acting and the fluid is motionless, the pressures at all 
parts of the system will be the same. In dogs under these circum- 
stances the pressure will be from 5 to 10mm. Hg. We may take this 
as the mean general blood pressure in Weber's sense. If now the 
heart begins to act, it pumps blood from the veins into the arteries, so 
that the latter become distended at the expense of the former. In this 
way the arterial pressure rises above and the venous pressure sinks — 
below the mean pressure of the system, and in a system of this 
' description the higher the arterial, the lower will be the venous 
pressure, whether the rise in arterial pressure be conditioned by an 
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increase in the heart’s activity or by an increase in the peripheral 
resistance. The capillaries being on the venous side of the peripheral 
resistance, the pressure in them will move with that of the veins, so — 
that the higher the arterial, the lower will be the venous, and therefore 
the capillary pressure. (This latter statement is only partly true, and 
presupposes that all the resistance from ( to £ is negligible compared 
with that from B to C. It is only true for an area such as the liver, 
and our generalisation is only partially true for other areas. We have 
taken the extreme case however in order to show the fallacy of sup- 
posing that capillary pressure must in all cases vary directly with 
arterial pressure.) 3 

Changes in heart beat or in peripheral resistance, as Weber points 
out, will not increase or diminish the “mean pressure” but will only 
cause a variation in the distribution of the pressure. 

In the body however there is another factor which we have not 
taken into account. A change in the peripheral resistance brought 
about by a contraction of the arterioles is never alone. The contraction 
of these vessels not only increases the peripheral resistance but also 
diminishes the total capacity of the system, so that we have the same 
effect produced as if more fluid were poured into a system of the 
original capacity. Thus in the body an increase in peripheral resistance 
must always connote a rise in the “mean pressure” of the system 
brought about by the diminution of its capacity. We are no longer 
able to say that increased arterial pressure is necessarily accompanied 
by diminished pressure on the venous side. The amount of blood 
forced out of the arterioles (in which we must include the portal vein 
and its branches ') may be sufficient to distend both arterial and venous 
trunks more than before, so that we get a simultaneous rise of pressure 
in both arteries and veins. 

The rise of arterial pressure occasioned by vaso-motor activity has 
thus to be explained by the coincidence of two factors : 

(a) Increased peripheral resistance, 

(b) Diminished capacity of blood vessels: 
and this has been the ruling idea in most of the papers on the subject 
emanating from the Leipzig laboratory*; although in this country the 
second factor has not perhaps had sufficient importance ascribed to it. 


1 Mall. “Der Einfluss des Systems der Vena Portae auf die Vertheilung des Blutes.” 
Du Bois’ Archiv, 1892, p. 409. 
2 Op. Slavjansky. Ludwig’s Arbeiten, 1878, p. 665; v. Basch. Idem, 1875, p. 
873; Mall. loc. cit. 
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Baton L SOME EFFECTS OF THE VASCULAR NERVES ON 
THE CIRCULATION, | 


Section of the cord. 


The effect of this procedure is seen by comparing Experiments 10 
and 11. At the close of Exp. 10, the pressures were 


Fem. Art. Portal Vein. Fem. Vein (Inf. Cava). 
125 mm. Hg 97mm. MgSO, 60 mm. MgSO, 


The cord, which had been previously exposed, was then ayaen just 
above ist dorsal vertebra. 


The pressures after 10 mins. were then found to be (Exp. 11): 


Fem. Art. Portal Vein. Fem. Vein. 
62 mm. 73 mm. 61 mm. 


We thus see that the effect of the diminished peripheral resistance, 
which would tend to raise the venous pressure, is exactly counter- 
balanced by the increased capacity of the system caused by the 
vaso-motor paralysis. Hence the pressure in the vena cava (peripheral 
end) is unaltered, while everywhere else there is a fall of pressure. 
The “mean pressure” of the system is diminished by section of the 
cord. (In many cases, as in the experiment given in the note at the 
end of this paper, there is also a distinct fall in the vena cava pressure.) 


Effect on capillary pressure. 


There is a simultaneous fall of pressure in aorta and portal vein. 
This however is accompanied and occasioned by relaxation of the 
arterioles all over the body, including the splanchnic area. As we have 


«wax Shown above, if this diminution of resistance is so great that the 


velocity of the blood through the capillaries is increased it is impossible 
to say with certainty whether the capillary pressure will be diminished, 
increased, or unaltered. It is necessary then to know how the amount 
of blood flowing through the splanchnic area is affected by section of 
the cord. 

We have been unable to find any experiment bearing on this 
question, so have performed two experiments on the subject. 

A cannula was put in the splenic vein, and a ligature on a staff 


! These of course will be understood in the subsequent quotations of pressure. 
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round the portal vein. At a given signal the clip on the splenic vein 
was taken off and the portal ligature pulled tight. The blood flowing 
from the splenic vein was collected in graduated cylinders, the amount 
obtained in 5 secs. being measured. 

Then the spinal cord was divided 3 the outflowing blood ieee 


again. 


Exp. Dog about 12 kilos. 
Amount in 5 secs. 4—5.(pause of 2 mins.) 3 5—6—9. | 
Cord then divided opposite 7th cervical vertebra. Pause of 5 mins. 
Amount in 5 secs. 2—3-8—4—4'5—4°4 (pause of 3 mins.). | 
2—7 (in 40 secs.) 2—1‘2—1‘2—1-2—2. 
(he darker figures signify that the cord was excited while these amounts . 
of blood were being obtained.) 


We see from this experiment, that after section of the cord the 
amount.of blood flowing through the splanchnic vessels in a given time 
is less than before. We have therefore lowering of arterial and venous 
pressures with diminished velocity of blood flow, and therefore the 
pressure in the capillaries of the intestines &c. must be also diminished. 
The pressure in the hepatic capillaries will also be slightly diminished, 
since there is a diminution of portal pressure, while site inferior cava 
pressure is unaltered or slightly diminished. 


Effect of cardiac inhibition in animals with divided cord. 


When a vagus is excited and the heart thereby brought to a 
standstill, the effect on the circulation is rather complex, and of the 
changes occurring in the pressures at various points, some are not 
conditioned directly by the mere cessation of the circulation. Hence 
it will be convenient to deal first with the simple case of vagus 
inhibition in which the vessels are removed from the action of the 
_ vaso-motor centre by section of the cord in the lower cervical region. 

The effects of complete standstill of the heart produced by vagus 
stimulation after section of the cord are given in Exp. 11, and are 
shown graphically in Diagram I. (Plate VIII.). In this experiment me | 
pressures before excitation of the vagus were | 


Fem. Art. Portal Vein. Fem. Vein. 
58 mm. 73 mm. 62 mm. 


: 
2% 
Ne 
¥ 
: 
“3 
‘ 


170 W.M BAYLISS AND E. H. STARLING. 


On exciting the peripheral end of the right vagus the heart stopped 
dead. Ten seconds later the pressures were 


Fem. Art. Portal Vein. Fem. Vein. 
20 mm. Hg. 72 mm. 68 mm. MgSO, solution. 


_ The arterial pressure then gradually sank, while the venous pressures 
rose slightly so that at the end of three minutes after the heart stand- 
still had begun the pressures were 


Fem. Art. Portal Vein. ‘Fem. Vein. 
64 mm. (= 84 mm. MgSO,) 83 mm. 82 mm. 


so that complete equilibrium was established between the pressures at 
all points of the vascular system. As is not unfrequently the case when 
the vagus is stimulated after division of the cord, the heart did not 
recommence beating spontaneously, and it was necessary to introduce 
the fingers into the abdomen and pinch the heart rhythmically in order 
to restore the circulation. When the heart was once more beating 


regularly the pressures were 
Fem. Art. Portal Vein. Fem. Vein. 
42 mm. 81 mm. 46 mm. 


It is worth noting in this experiment that the venous pressures” 
were almost unaltered by the stimulation of the vagus, the portal 
pressure only rising 1 cm. and the femoral venous pressure only 
2 centimetres of water. | | 

In this dog therefore 64 mm. Hg represents the mean pressure of 
the system, that is, the pressure exerted by the contained blood on the 
walls of all the blood vessels when circulation is at a complete 
standstill. 

With regard to the effect of the vagal stimulation on capillary 
pressures, it is evident that the slight rise in portal pressure is 
negligible compared with the large fall (66 cm. water) in the arterial 
pressure, so that there must be a considerable fall in the pressure in the 
intestinal capillaries. 

_ In the hepatic capillaries the pressure will be unchanged, or rather 
will be very slightly raised, since there is a small rise of pressure both © 
in the portal vein and the inferior cava. 


Excitation of the splanchnic nerves. 


The effects of strong excitation of the splanchnics are given in 
Exp. 5, and the three curves are plotted out in Diagram Il In 
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this experiment both splanchnics were excited simultaneously by a 
strong induction current during 130 seconds. The alteration caused in 
the arterial pressure is the typical one, as described by Johansson!. 
It first rises quickly from 94 mm: to 116 mm., then falls slightly to 
111 mm., then rises gradually to 132, where it remains constant until 
the end of the excitation. It begins to fall at once on discontinuing the 
excitation, and in the course of one minute reaches its former level. 
The portal pressure, after a very slight fall, which was too transitory to 
be recorded within the 10 seconds, begins to rise, gradually at first, and 
then more quickly to 170 mm., falling then to 160 mm., where it 
remains constant until the end of excitation. At this point the portal 
and arterial pressures move in opposite directions, the portal rising 
slowly, until in 40 seconds after the end of excitation, it has attained 
the height of 190 mm. It then falls gradually, reaching its original 
level in about two minutes. The behaviour of the portal pressure 
on splanchnic excitation is a constant phenomenon and has occurred in 
all our experiments.. Exactly the same thing was found by von Basch 
in his work on the action of the splanchnic nerve on the circulation. 
At that time, the existence of vaso-motor nerves to the portal vein was 
unknown and von Basch attempts, not very successfully, to account for — 
the variations in the portal vein pressure by variations in the calibre of 
the arteries supplying blood to the portal area. Lately Mall® has shown 
that stimulation of the splanchnics causes active contraction of the 
portal vein and its branches, and ascribes a great part of the rise 
in arterial pressure which occurs on stimulation of the splanchnics to 
the squeezing of blood out of the portal vein. It is evident that | 
the rise of portal pressure is conditioned by the contraction of its 
branches in the liver. This constriction must outlast the constriction 
of the arterioles, hence we have a moderate rise of pressure during 
the stimulation of the nerve, when very little blood is flowing through 
the arteries into the vein, and a much larger rise of pressure on cessa- 
tion of the excitation when the relaxing arterioles allow a full flow 
of blood into the still constricted portal vein. Von Basch* made 
_ another series of observations on the outflow of blood from the opened 
splenic vein during the various stages of the excitation, and found that 
during excitation the flow of blood was diminished to a third of what 
it had been before excitation, so that the venous pressure is raised 
during a period when the blood flowing into it is diminished. 

The pressure in the vena cava is slightly increased from 68 mm. to 

1 Du Bois’ Archiv, 1891, p. 103, — 2 loc. cit, 8 loc. cit, 
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84 mm. and remains at this height during the whole of excitation, 
falling again to 68 mm. at the end of excitation. This behaviour 
of the vena cava pressure is only a special instance of the possible 
event which we mentioned earlier. The diminution in capacity 
of the whole vascular system is more than enough to counter- 
act the effects of the increased resistance. As we pointed out above, 
mere increased resistance would lower venous pressure. The effect of 
the diminution in capacity has however been to raise the “mean 
pressure” of the system, so that there is increased distension both of 
arteries and veins, with a corresponding rise of pressures. 

_ In Exp. 5, one of the vagi was intact and the heart was slowed as 
usually occurs when the splanchnics are stimulated. One might be 
inclined to ascribe the rise of venous pressure to this slowing of the 
heart, were it not that in other experiments where both vagi were 
divided, we still obtained a slight rise on stimulation of the splanchnics. 


Effect on capillary pressures. 


Intestinal capillaries. The effect of stimulation of the splanchnics 
on the pressure in the intestinal capillaries has been discussed above, 
and we have shown that we have not yet sufficient data to decide 
what change, if any, takes place. At the end of stimulation however 
we have relaxed arterioles with a normal arterial pressure and increased 
portal pressure, so that there must be, for a short time after cessation 
of the stimulation, an increased pressure in the intestinal capillaries. 

Hepatic capillaries. The pressure in the portal vein is increased, 
while that in the vena cava is practically constant. Hence we might 
say that the pressure in the capillaries must be increased. But in this 
case the rise in portal pressure is entirely due to constriction of the 
branches of the portal vein in the liver, so that if the vena cava pressure 
was lowered there would be a lowered capillary pressure. The vena cava 
pressure however being constant or slightly increased, we cannot assume 
any appreciable fall of pressure in the hepatic capillaries, and it is 
probable that the pressure in these capillaries is very little affected cd 
stimulation of the splanchnic nerves. 


Effects of Asphysa. 
We give protocols of three experiments in which the animals were 
killed by asphyxia (Exp. 4, 6, and 12). In Experiment 4 the dog was 
normal, with the exception that both vagi had been divided. 


y 
4 
4 
1 
4] 
2g 
2 
A 
} 
| 
: 
H 
“ad 
| 
4 
i 
Be: 
al 
¥ a 
: a 


VENOUS AND CAPILLARY PRESSURES. 173 


We will first describe this experiment, and shall then discuss the 
causation of the various events in the pressure curves, which are 
plotted out in Diagram III. 

The course of the arterial pressure is too well known to need 
description. In this experiment it was high to commence with 
(120 mm. Hg). Asphyxia was induced by opening both pleural 
cavities, Forty seconds after the first pleural cavity was opened the 
pressure began to rise and went up to 140 mm. The rise of pressure 
lasted exactly one minute. The mercury then began to sink, rapidly 
at first and more slowly later on, till death occurred from cardiac 
failure. | 

The portal pressure rose from 84 mm. MgSO, solution to 124 
during the rise of arterial pressure. There is then a slight fall to 
114 mm. and then as the arterial pressure falls, the portal pressure 
rises steadily to 144 mm. This height is attained two minutes after 
the arterial pressure has begun to fall. Then the portal pressure begins 
to fall, but very gradually, so that at the end of the experiment it 
is still92mm. The pressure in the inferior vena cava runs a somewhat 
similar course, the first rise of pressure being however not so marked 
as the corresponding rise in the portal vein. At the commencement 
of the experiment it is 36 mm. During the arterial rise, it also rises to 
70 mm., and then as the arterial pressure begins to fall, the pressure in 
the vena cava rises enormously until it equals that in the portal vein. 
It then begins to fall gradually with the portal pressure, the two 
pressures being approximately equal. At the end of the experiment 
the vena cava pressure was 92 mm. 

How are we to explain these results? It is evident that we have 
here two factors at work. The first is the constriction of the arterioles 
(chiefly splanchnic) and portal vein in consequence of the asphyxial 
stimulation of the vaso-motor centre, and the second is the gradual 
failure of the heart causing cessation of the circulation and the. equali- 
sation of pressures in all parts of the vascular system. 

These two factors have long been known to effect the well known 
arterial changes in asphyxia, but their coaction is also necessary for the 
production of the increased venous pressure. The curves may be 
interpreted as follows. 

The first event is a stimulation of the vaso-motor centre, acting 
especially on the splanchnic area, and causing constriction of arterioles 
and portal vein, and a general rise of arterial and venous pressures. Then, 
as the heart begins to fail and the circulation to be slowed, the pressures 
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in all parts of the circulation tend to approach more and more to the 
“mean pressure,” that is the pressure exerted by the blood on all 
parts of the blood vessels when the blood is at rest. In consequence 
however of the still active vaso-motor centre, the total capacity of the 
system is diminished, and the amount of blood being constant it follows 
that the mean pressure must be increased above normal. The 144mm. 
to which the venous pressures rise, represents or approaches then 
the mean pressure of the constricted system, and not the mean pressure 
of the vascular system in a normal condition. Hence the large venous 
rise that one gets in asphyxia is conditioned chiefly by the vaso-motor 
excitation. Without this super-added constriction of the blood vessels, 
without this lowering of the capacity of the system, asphyxia gives rise 
to only a trifling rise of venous pressure—a rise comparable to that 
which we studied as the result of exciting the vagus after section of 
the spinal cord. The final gradual fall of venous’ pressures has 
probably two causes. One is the gradually increasing distension of the 
heart’s cavities, which would tend to empty the vascular system. The 
other, which is more problematical, is the gradual giving way of the 


- contracted vessels, as the vaso-motor centre and nerves suffer in their 


turn from the continual asphyxia. 
It will be noticed that under these conditions it takes longer to 
establish equilibrium between arterial and venous pressures than in the 


case where all the vessels are relaxed from section of the cord. Thus in 


this experiment, when the heart had’ long ceased beating and seven 
minutes after the arterial pressure had begun to fall, the pressure 
in the arteries was still two or three centimetres of water higher than 
in the veins’. 

The necessity for the coaction of the two factors above mentioned 
for the rise of venous pressure may be shown very simply. We may 
cut out the vaso-motor centre from the asphyxia experiment by section 
of the cord, or we may merely prevent its action on the abdominal 
vessels by section of both splanchnic nerves. 

In either case we shall find that the venous rise produced by 
asphyxia is now comparatively insignificant. 

The effect of asphyxia after division of the cord at the Ist dorsal 


vertebra is shown in Diagram IV., and details of the experiment are 
given in Protocol 12. Here there is no rise of arterial pressure. The 


portal pressure at the beginning of the asphyxia rose from 89 to 105, but 
this was probably caused by the increased movements of the diaphragm, 
1 Op. de Jiiger. This Journal, Vol. vu. p. 174, 1886, | 
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since the pressure dropped again as soon as these movements became 
slower.» It then fell slowly with the arterial pressure to 65 mm. The 
vena cava pressure merely rose very gradually from 48 to 64 as the 
heart failed. 

We see here then that without vaso-motor stimulation, mere 
cessation of the heart’s beat, whether conditioned by asphyxia or by 
vagal stimulation, is insufficient to cause more than a slight rise 
of pressure in the great veins. 

In the same way the large rise of venous pressure may be abolished 
by section of the splanchnic nerves. An experiment of this nature 
is recorded in Protocol 6. In this experiment both vagi and 
splanchnics were cut. Asphyxia was then induced by opening both 
pleural cavities. The arterial pressure began to drop very soon, and 
this fall was accompanied at first by a slight fall of both venous 
pressures (? vaso-dilator excitation). We then endeavoured to imitate 
the natural course of the pressure curves by stimulating both splanchnics 
with strong induced currents. The first stimulation caused a rise of 
all three pressures. 

Thus at the beginning of the experiment the normal pressures 
were 

Fem. Art. Portal Vein. Fem. Vein. 
54 96 65 
Just before stimulation they had sunk to — 


Fem. Art. Portal Vein. Fem. Vein. 
25 


After exciting the splanchnics for one minute the pressures were 


Fem. Art. Portal Vein. Fem. Vein. 
26 110 98 


- On discontinuing the excitation all three pressures sank and 
after another 80 seconds were 


Fem. Art. Portal Vein. Fem. Vein. 
10 84 84 


On excitation we got a very slight rise in the portal and femoral 
vein pressures to 95 and 90 respectively. 

These results, although by no means equalling those obtained when 
the vaso-constriction is accomplished in the normal way by means of 
the centre, nevertheless serve to illustrate the action of the splanchnics 
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on the venous pressures and bear out what we have said above as 
to the action of these nerves. | 
Action of the vagus. 

We are now in a position to examine the pressure curves obtained 
when the peripheral end of the vagus is excited in an animal other- 
wise normal. We give protocols of two experiments of this nature 
(Exps. 3 and 10). 

In Exp. 3 the right vagus was intact, while the left vagus was 
divided, and the peripheral end put on Ludwig’s electrodes. The 
excitation lasted exactly two minutes. The heart stopped dead, directly 
the current was sent into the nerve, and did not beat for 80 seconds. 
It then began to beat very slowly, and this slow pulse lasted till the 
exciting current was stopped. 

During the stoppage of the heart the arterial pressure sank from 
90 mm. Hg to 26, 20, 16, and then 10 mm. Hg, and remained constant 
at this height till the heart recommenced beating. It then rose 
to 76, 62, 53, 58, and on cessation of the stimulation, rose almost at 
once to 98. mm. i.e. rather a than it had been before the 
excitation. 

The behaviour of the venous pressures is more interesting. A rise 
of venous pressure is a familiar effect of vagus inhibition. It is not 
however so generally known that two distinct periods may be observed 
in the curve of venous pressure during the cardiac standstill. 

‘Thus in Exp. 6 the various pressures before the excitation were 


Portal Vein. Inf. cava. 
106 42 


For the next 60 seconds the readings were 
Portal vein. Inf. cava. . 


88 
74 
98 81 


_. There is then a sudden rise in both manometers, the pressure in the 
~ inferior cava attaining the height of the portal pressure, and then rising 
with this latter. The readings were 


Portal vein. Vens cava. 
110 
126 138 


| 144 123 
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There is then a sudden drop in the vena cava pressure, directly the 
heart commences to beat, to 95, 60, and then 51 mm. The portal 
pressure, however, after a slight drop to 134, goes on rising, and attains 
its greatest height when the heart has recovered, and the arterial blood 
pressure is higher than it was at the commencement of the experiment. 
In this experiment the portal pressure went up to 204 mm. and then 
slowly descended to its original level, the descent occupying between — 
two and three minutes. 

A similar experiment is given in Protocol 10 (Diagram VI). One 
or two deviations which it presents from Exp. 6 are interesting as 
throwing some light on the nature of the factors involved. In this 
experiment, before excitation of the vagus, the pressures were 


Fem. Art. Portal vein. Vena cava. 


93 105 78 


On excitation, the arterial pressure fell to 22, 12, 10, at which 
height it remained for 60 seconds, The portal pressure for the first 
50. seconds was practically unaltered. The vena cava pressure gradually 
rose in the course of the first 50 seconds to 110, i.e., to the same height 
as the portal pressure. Ten seconds later, that is to say, one minute 
after the commencement of excitation, both venous pressures began to 
rise and in the course of another 70 seconds reached the height of 197 
and 192 respectively. Just after the commencement of the large 
venous rise, the arterial pressure was noticed to be also rising slightly, 
and at the height of the venous rise, the arterial pressure had moved 
from 10 to 15 mm, Hg, a rise of 65 mm. MgSO,. Excitation of the 
vagus was then discontinued after having lasted 150 seconds. The 
heart commenced to beat, but very slowly, and took about a minute and 
a half before it recovered its usual rhythm. We therefore got in the 
arterial pressure, first a sudden rise to 70 and then a slow gradual rise 
to 125. The course of the venous pressures on cessation of the 
excitation was essentially the same as in Exp. 6. In the present 
experiment, however, there was a distinct fall in the portal pressure to 
137 before its second rise to 217. 

The behaviour of the venous pressures on stimulation of the vagus 
is easily explicable in the light of the experiments we have already 
described. When the heart stands still in consequence of vagus 
stimulation, the only force driving the blood on is the elasticity of the 
distended arterial walls. This must cause a flow of blood into capillaries 
and veins, until the pressure is the same at all parts of the system. 
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Hence there is a fall of pressure in the arteries and a rise of 
pressure in the great veins near the heart, until in both regions 
the pressures are alike and equal to the mean pressure of the system. 
We see in both experiments a fall of arterial pressure to 10 mm. Hg, 
and a rise of vena cava pressure until it is equal to the portal pressure. 
The fact that the arterial pressure does not sink so low as the venous in 
the beginning of the experiment is due to the fact that under this low 
_ pressure, the blood is driven from the arteries into the veins extremely 
slowly, so that it takes some time for complete equilibrium to be 
established. The first part of the curves, viz. those obtained in the 
first 40 or 60 seconds after the commencement of the vagus excitation, 
simply show the effects of cardiac standstill and are exactly analogous 
to the curves obtained on stimulation of the vagus with divided cord. 
(Cp. Exp. 11 and Diagram I.) At the end of this period, a new factor 
makes itself felt. The cessation of the circulation, the anaemia of the 
brain, causes excitation of the vaso-motor centres, and active contraction 
of the smaller arteries, especially in the splanchnic area and the portal 
vein. The rise of peripheral resistance caused by this contraction does 
not here come into account, since here is no blood-flow through the 
vessels, What is important, however, is the diminution in the total 
capacity of the system caused by this constriction, in consequence of 
which the mean pressure of the system is increased and there must be 
a rise of pressure in all the vessels. Whether this rise will be seen in 
the arterial manometer depends on how far the equilibrium has been 
established before the anaemia has begun to affect the vaso-motor 
centre. The second experiment that we have quoted (Exp. 10) shows 
clearly that the rise affects arterial as well as venous pressure. We 
must regard the highest venous pressure reached during the cardiac 
inhibition as representing the mean general pressure of the vascular 
system, when the vaso-motor centre is acting strongly. 

We have now to consider the second part of the curves, obtained 
after cessation of the stimulation. As the heart begins to pump blood 
from the big veins into the arteries, there is naturally a fall of vena 
cava pressure to its original height and a rise of arterial pressure. We 
showed above that on stimulating the splanchnics, the branches of the 
portal vein in the liver were constricted, and that this constriction 
outlasted the contraction of the arterioles, so that, on cessation of the 
stimulation, an increased supply of blood coming through the relaxing 
arterioles of the splanchnic area into the still contracted portal vein, 
caused a rise still higher of pressure in the latter vessel far exceeding 
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that which had been produced during the excitation itself. ‘ Exactly 
the same phenomenon is seen in these two curves (Diagrams V and VI). 
As the heart commences to beat, it takes up blood from the big veins 
and sends it on into the arteries and through them into the still 
constricted portal vein, so that the pressure in the portal vein is at 
its highest shortly after commencement of the vagal stimulation. It — 
then gradually drops to its normal height as the branches of the portal 
vein gradually relax. 

We have just stated that a large rise of venous pressure obtained 
when the heart is stopped by stimulation of the vagus, is chiefly 
conditioned by the active (asphyxia) contraction of the blood-vessels in 
the abdomen, i.e. those innervated by the splanchnic nerve. That this 
is the case is shown by the fact that if both splanchnics be divided, 
stimulation of the vagus no longer produces the customary venous rise. 
We get in fact, under these conditions, only the first phase of the 
normal vagus curve, so that the effects are almost identical, whether we 
divide the spinal cord in the neck, or merely divide both splanchnic 
nerves. Details of an experiment of this description are given in Exp. 1, 
and an example of the curves so obtained in Diagram VII. It will be 
noticed that the portal pressure is unaffected by the stimulation, while 
the vena cava pressure rises somewhat higher, until it is slightly above 
that of the portal. 


Effect on capillary pressures. 


We have shown above that on excitation of the vagus in animals 
with divided spinal cord, there will be a fall of pressure in the intestinal 
capillaries, while the pressure in the hepatic capillaries will be practi- 
cally unchanged. Very different must be the effect in a normal animal. 
During the stimulation, while the heart is at a standstill, there is a 
large rise of pressure both in portal vein and in vena cava; Thus in 
Exp. 10 the pressure in the portal vein rose from 105 to 203 mm. 
MgSO,, and in the vena cava from 78 to 192mm. There must be 
therefore a corresponding rise of pressure in the hepatic capillaries, 
_ With regard to the intestinal capillaries it is difficult to decide, since | 
there is a fall in arterial pressure coincident with the rise in portal 
pressure. All we can say is that the pressure in the intestinal vessels 
must be greater than when the cord is cut; but whether it is greater or 
less than normal we see no means of deciding. 

When the heart recommences beating, the arterial pressure rises to 
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normal or above normal, while the portal vein pressure is largely 
increased. Hence immediately after the excitation is discontinued 
there will be a temporary rise of pressure in the intestinal capillaries. 

During this period the pressure in the hepatic capillaries is 
probably about normal, for the vena cava pressure is normal, while 
the increased portal pressure is due largely to the increased resistance 
— to the flow of blood through the liver. 

Thus we find a great difference in the effect of vagus stimulation on 
the hepatic capillary pressure, depending on the presence or absence of 
the normal vaso-motor paths. This difference may perhaps be made 
clearer with the aid of a diagram. 


10 A lel Thiel | 


Fie. 3. 


Fig. 3 represents the ordinary curve of the fall of blood pressure in 
the different parts of the vascular system. In this the largest fall of 
pressure is represented as taking place in the smaller arteries (from «x 
to y) At @ are the ordinary systemic capillaries. At h.c. are the 
hepatic capillaries, the level at h corresponding to the pressure in the 
portal vein. Now we may draw a line ab about 8 mm. Hg above the 
base line representing the general mean pressure, and therefore the 
pressure in any part of the system when no circulation is going on. If 
the cord be now cut, the mean pressure sinks in consequence of the 
general vascular dilatation, and would be a little below the line ab, and 
would in fact correspond very nearly to the hepatic capillary pressure. 
We see then that stimulation of the vagus in animals with cord cut (or 
-splanchnics divided) will cause no rise in the hepatic capillary pressure, 
since the pressure cannot become more than the general mean pressure. 

If however the vaso-motor centre is active, and there is general 
vascular constriction, the general mean pressure may be doubled and 
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may rise to a level represented by the line cd. If now the vagus be 
excited, and the circulation brought to a standstill, there must be a rise 
of pressure in the hepatic capillaries, from ab to cd, a rise of about 
8mm. Hg. We have dwelt rather fully on this point, since the liver is — 
& very important source of the lymph which flows from the thoracic 
duct, and it is therefore necessary to understand the circumstances 
affecting capillary pressures in this organ. 


Sxcrion II. Hyprarmic PLETHORA AND HyDRAEMIA. 
Hydraemic Plethora. 


Although there are numerous researches dealing with the behaviour 
of the arterial blood pressure, after injection of large quantities of 
normal saline fluid into the circulation, yet in hardly any has the 
venous pressure been observed, although the amount of distension of and 
pressure in the veins under these conditions is of extreme importance, 
and is discussed freely by the various authors who have dealt with this 
subject, Cohnheim and Lichtheim’, in their paper “Ueber Hy- 
draemie und hydraemisches Oedem” describe a temporary rise of 
venous pressure accompanying the injection of the fluid, and lasting a 
short time after the injection. In their experiments, they measured 
the pressure in the external jugular vein by means of a soda mano- 
meter, but as they give no details of their experiments and the times 
of their various procedures are not mentioned at all, it is impossible 
to criticise them. Worm Miiller, in his experiments on plethora, 
recognised the importance of an estimation of venous pressures, but 
regarded the means at his disposal as insufficient for this purpose and 
sought to determine the distribution of the injected blood in the body 
and the condition of the veins by inspection of the abdominal organs 
after death, and by observing the effect of pressure in the abdomen on 
_ the arterial blood pressure. Worm-Miiller found that passive move-— 
ments of the extremities, or pressure on the abdomen, after the 
production of artificial plethora, had very little effect. on the arterial 
pressure, and argues from this that there cannot be any overfilling of 
the great veins. In answer to this we cannot do better than quote 
Johansson and Tigerstedt’s criticism of the same. These authors — 
remark “we believe, that in spite of this, there may be a distension of 
the veins of the abdomen. For, when all the great veins are overfull, 


1 Virchow’s Archiv, Bd. xcvt. 8. 106, 1877. Cp. also Lesser, Ludwig’s Arbeiten, 1874. 
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an increased flow of blood to the heart brought about by pressure on 
the abdomen can have no effect on the cardiac activity, since the right 
heart has already enough and more than enough blood at its disposal.” 

We give at the end of this paper protocols of two experiments 
(Exp. 8 and 14), showing the result on venous and arterial pressures of 
injecting a large amount of salt solution into the circulation. The 
course of the pressure curves in Exp. 8 is shown in Diagram VIII. 
In this experiment the arterial pressure, which was 102 mm. to start 
with, rose gradually during the injection to 124, at which height it 
remained during the whole of the observation (22 min.). This behaviour 
of the arterial pressure on injection of quantities of fluid (i.e. a slight 
initial rise from 102 to 120, followed by no further rise however much 
fluid is injected) i is typical, and has been observed by all workers on tke 
subject since Worm-Miiller. 

Very different is the behaviour of the venous pressures, In Exp. 8 
the injection of 500 ¢.c. normal saline lasted 7 min. During this time 
the portal pressure rose from 98 mm. MgSO, to 290 mm. and the vena 
cava pressure from 33 mm. to 225mm. When the injection was 
discontinued, the portal pressure, after a further rise to 320, began to 
fall slowly, but 15 min. after the injection had been discontinued, was 
still 194 mm., that is to say, double as much as it was at the commence- 
ment of the experiment. At the end of the injection the vena cava 
pressure fell fairly rapidly, so that in 4 min. it had fallen from 225 to 
115mm, At this height it remained nearly stationary so that at the 
end of another 10 min. it still amounted to 120 m. 

In Exp. 14, 350c.c. of normal saline were injected during the space 
of 24 min. into a dog, which was already very hydraemic. During this 
time the arterial pressure rose from 60 to 70, the portal pressure from 
87 to 167, and the vena cava pressure from 34 to 124. The further 
course of the experiment was very similar to that observed in Exp. 8. 
Five minutes after the end of the injection the pressures were 


Fem. Art. Portal Vein. Vena Cava. 
72mm.Hg 187mm.MgSO, 74mm. MgSO, 
Ten minutes later the pressures were : 


Fem. Art. Portal Vein. Vena Cava. 
72 110 50 


Half an hour later the pressures were nearly normal, the arterial 
pressure however being higher than at the commencement of the 
experiment. 
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_It is evident from these experiments that Cohnheim undervalued 
the part played by the veins in the adaptation of the circulation to the 
injection of larger quantities of fluid. It is true that in these experi- 
ments the rise of venous pressure was not absolutely permanent. It 


_ lasted however 20 to 30 min. after the end of the injection, during 


which a large quantity had had time to leave the vessels either as 
lymph or increased secretions (salivary glands, kidneys, &c.). In 
another experiment in which a dog was injected with 350cc. of de- 
fibrinated blood from another dog, the pressures in the vena cava and 
portal vein were still increased 40 min. after the termination of the 
injection. 

The first effect of the injection of fluid into the circulation is a rise 
of pressure in all parts of the system, arterial and venous. After the 
first small rise, the arterial pressure becomes constant, and room is 
found for the fluid subsequently injected by the active dilatation of the 
arterioles, so that there is a constantly diminishing difference between 
arterial and venous pressures. The pressure in the veins therefore 
goes on rising during the whole time that fluid is being injected. By 
this rise of pressure the thin walls of the veins are stretched, and the 
total capacity of the system largely increased. The fall of venous 
pressure on discontinuing the injection is probably due partly to the 
increased stretching of the walls of the veins under the abnormal — 
pressure to which they are subjected, and largely to the escape of the 
injected fluid through the vessel walls. 

Under these conditions, so long as the heart can perform the 
increased work which is put upon it, the velocity of the blood in the 
vessels must be largely increased, since the augmented pressure in the 
large veins provides a larger flow of blood into the heart, and the 
peripheral resistance is lowered by the relaxation of the arterioles. 
Cohnheim has in fact demonstrated that the velocity of the blood in 
plethora is largely increased. 


Effect on capillary pressures. 

During and for 20 to 30 minutes after injection, the arterial pressure 
is increased, the portal pressure is largely increased, and the arterioles 
are relaxed, all three factors combining to cause great increase of pres- 
sure in the capillaries of the intestines. 

In the hepatic capillaries too, there must be a large increase of 
pressure. In Exp, 8, the pressure in the portal vein rose from 98 toa | 
maximum of 320 mm. and then fell slowly to 194mm. The vena cava 
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pressure rose from $3 to 245 mm. and then fell, quickly at first and 
then more slowly, to 120 mm. There is then a large rise of pressure on 
both sides, afferent and efferent, of the hepatic capillaries, and there 
must be also a corresponding rise in the capillaries. The increase in 
the difference between the portal and vena cava pressures shows us 
that the velocity of the blood current through the liver must also be 
very largely increased, so that, although we have increased venous 
_ pressures here, the hyperaemia is active, not passive; and increased 
venous pressure does not necessarily involve venous congestion or 
‘Stauung’ as Cohnheim!? seems to imply. The direct measurement of 
the pressures in the portal vein and vena cava simply bear out what 
has been often described as a result of plethora or hydraemic plethora, 
viz., a swelling of the liver, which is extremely full of blood, so that, on 
section, a large amount of fluid runs away from it. This oe \ 
well described by Johansson and Tigerstedt*. They say “the 
second fact to which we would draw attention is the great distension of 
the liver which we have observed in all our transfusion experiments 
and which has been also remarked by earlier workers. After the 
‘injection of large quantities of fluid the liver becomes almost as hard 
asa board. If after the death of the animal, the liver be cut out, fluid 
streams from it in great quantities. We see then that a considerable 


quantity of fluid is taken up by the liver and thus withdrawn from the © 


circulation.” 
Simple hydraemia. 


The effects of simple hydraemia as shown in Exp. 13 and Diagram 
X. In this experiment the animal, which weighed about 7 kilos, was 
bled to 200 c.c. from the right femoral artery. Before the bleeding the 
pressures were : ; 
Fem. Art. Portal Vein. 
77 mm. Hg 103 MgSO, 


The vena cava pressure could unfortunately not be ascertained, 
owing to faulty position of the femoral vein cannula. The bleeding 
_lasted one min. Seventy-five secs. after the bleeding the pressures 
were: 

Fem. Art. Portal Vein. 
42 


1 Gesammelte Abhandlungen, p. 574. 


2 ‘‘Gegenseitige Beziehungen des Herzens und der Gefasse.” Skand. Archiv f. Phys. 
Vol. 1. p. 396, 1889. 


5 
og 
4 
Sa 
a 
> 
4 
4 
3 
§ 
4 
3 
4 
4 
“ 
+ 


VENOUS AND CAPILLARY PRESSURES. 185 


200 c.c. normal saline were allowed to flow into the right external 
jugular vein. The injection lasted is min. At the end of the injection 
the pressures were : 


Fen Veins 
147 
and three min. later 

147 


The rise of pressure in the portal vein was only transitory. Ten 
minutes later, when the position of the fem. vein cannula had been — 
rectified, the portal pressure had fallen to 87. A second quantity of 
blood (150 c.c.) was then drawn from the femoral artery. Before the 
bleeding the pressures were : 


Fem. Art. Portal Vein.  _—-Vena Cava. 

74 90 38 

At the end of the bleeding they were: : 
Fem. Art. Portal Vein. Vena Cava. 

26 45 22 


150 c.c. of normal saline were then injected. At the end of the injection 
the pressures were | 
3 Fem. Art. Portal Vein. Vena Cava. 


52 77 36 
and three minutes later, : 
Fem. Art. Portal Vein. Vena Cava. 
62 77 28 


_. We see that simple hydraemia has very little effect on the pressures, 
there being however a small general fall both in arterial and venous 
pressures. The large rise in the portal pressure which is obtained after 
the first injection of normal saline, is probably due to the fact that the 
injection was carried out more rapidly than the vascular system could 
accommodate the access of fluid, since it was only transitory, and 
disappeared entirely at the end of a few minutes. In the same way 
there will be very little effect on capillary pressures. The first injection 
of fluid may be followed by a small rise in capillary pressure in the 
intestinal vessels, but the rise is only transitory. 

This experiment also illustrates the effects on the general pressures 
of diminishing the total quantity of circulating fluid. As we might 
expect, bleeding gives rise to a fall of pressure in all parts of the 
system, in the fem. art., in the portal vein and vena cava, and it will be 
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observed that after the first bleeding in this experiment, the gradual 
recovery of the arterial pressure took place at the expense of the venous 
pressure. All the reactions of the vaso-motor system seem to be 
directed towards maintaining the pressure in the large arteries at a 
constant height. Ifthe amount of blood in the body is diminished, the 
veins become less distended, in order to supply more blood to the 
arteries. If there is a hyper-normal amount of fluid in circulation, 
nearly the whole excess is held by the distended veins and capillaries, 
the tension and therefore the amount of blood in the larger arteries 
remaining nearly constant. 


Section III. 
MECHANICAL OBSTRUCTION OF THE LARGER BLOOD VESSELS. 
Obstruction of the thoracic aorta. 


In these experiments the thoracic aorta was obstructed above the 
diaphragm by distending a rubber obturator which had been introduced 
through the external iliac artery’. The course of the pressure curves in 
the femoral artery, and: portal and femoral veins may be seen in 
Exp. 7. In Exp. 7, the — at the commmencement of the 
experiment were 


Fem, Art. Portal vein. Fem. vein. . 
82 76 43 
Half a minute after the aorta was obstructed, the pressures were 
Fem. Art. Portal vein. Fem. vein. 
12 «48 41 


So that there is a simultaneous fall of pressure in the arteries and in 
the portal vein, while the pressure in the peripheral end of the vena 
cava was unaltered. 

In some earlier experiments, when estimating the vena cava 
pressure alone, we had found a slight rise of pressure in this vessel on 
obstruction of the thoracic aorta. Thus in an experiment on June 26th, 
the vena cava pressure before obstruction was 59. On obstructing the 
aorta, it rose to 69, and then gradually fell to 63. On releasing the 


1 We have recently repeated this experiment in a large dog, in which we introduced 
the aortic obturator through the right carotid artery. The results however were exactly 
similar to those obtained when the obturator was introduced in the way described above. 


3 
a 
4 
_ 
q 
~ 

Sy 

¥ 
x 
4 

© 

2 
A 

> 
4 

3 
by 

i 

tee 


VENOUS AND CAPILLARY PRESSURES. 187 


obstruction, it fell at once to 57. In another observation, the pressure — 
- before obstruction was 63, after obstruction it rose to 72, and then 
slowly fell to 66. These rises are so slight that we may say that the 
pressure in the central end of the femoral vein is ——" un- 
altered. 
With regard to the effect of the obstruction of the aorta, on saline 
pressures, it is evident that the pressure in the intestinal capillaries 
must be very much reduced, since there is a large fall of pressure both 
in the arterial and venous side of these vessels. The effect on the 
_ capillary pressure in the liver is not quite so certain, for although we 
find the pressure in the peripheral end of the vena cava practically 
unaltered, yet it must be remembered that the pressure at this point is 
always higher than the pressure at the point of opening of the hepatic 
veins, the difference in the pressures being proportional to the velocity 
of the blood flowing from the external iliac to the hepatic veins, By 
obstruction of the aorta, we reduce the velocity of this blood current to 
a minimum, and therefore the difference between the femoral venous 
pressure and the hepatic venous pressure must also be largely reduced. 
Hence the fact that the pressure in the central end of the femoral vein 
is unaltered or slightly increased must imply a definite and probably 
considerable rise of pressure in the hepatic veins, so that there is a fall 
of pressure on the portal vein side, and a rise of pressure in the hepatic 
vein side of the capillaries in the liver. It thus becomes a matter 
of speculation what change really does take place in the hepatic 
capillary pressure. It may be diminished, but having regard to the 
greater dependence of capillary on venous than on arterial pressures, it 
is, we think, possibly unaltered or somewhat increased. 


Obstruction of inferior vena cava above diaphragm. 
The effect of obstruction of the inferior vena cava above the 
diaphragm is shown in Exp. 2, and graphically in Diagram VIII. In all 
cases, the vena cava was obstructed by means of an obturator introduced 


through the right external jugular vein. In Exp. 2, the pressures 
at the commencement of the experiment were 


Fem. Art. Portal vein. Vena cava. 
72 89 51 


On complete obstruction of the vena cava, the pressure rose rapidly 
in both venous manometers to 240 mm. MgSO,, while the arterial 
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pressure sank to 86. All three pressures then gradually sank, so that, 
after the obstruction had lasted 4 minutes, the pressures were 


Fem. Art. | Portal vein. Vena cava. 
26 226 oe 


It will be seen that, although the pressures at the beginning of the 
obstruction are the same in both portal vein and vena cava, there is soon 
established a slight difference in favour of the portal vein, showing 
probably that there is still 4 slow current of blood passing through the 
liver. The gradual fall in all three pressures during the maintenance 
_ of the obstruction is, we take it, due partly to the increased transudation 
of fluid and partly to the gradual stretching of the walls of the vessels, 
especially the veins, an occurrence to which we referred earlier in this 
paper, and to which Worm-Miiller ascribed the fact that an artificially — 
plethoric dog might be bled to death, while his vessels still contained 
more than their normal quantity of blood. 

On letting the water out of the obturator, there is at once a sudden 
fall in both venous pressures, and a rise in the arterial pressure to its 
former height. 

Effect on capillary pressures. In Exp. 2, the pressure in the portal 
vein during the obstruction was nearly trebled, and that in the vena 
cava was more than quadrupled. There must therefore be a corre- 
sponding rise of the pressure in the hepatic capillaries to three or four 
times its normal height. This fact explains the extreme congestion and 
swelling of the liver which is observed if the animal be killed or dies 
while the vena cava is still obstructed. It is impossible to say in what 
way the pressure in the intestinal capillaries is affected. It is true, as 
Heidenhain has pointed out, that during the obstruction the intestines 
look blanched and anaemic. But we have already shown that apparent 
anaemia of a part does not neécessarily imply diminished capillary 
pressure in that part, but may, indeed, be accompanied by increased 
pressure, The arterial and venous pressures move in different directions, 
the arterial pressure falls from 72 to 26 mm. Hg, while the portal vein 
pressure rises from 90 to 226 mm. MgSO,,i.e., from 7 to 17 mm. Hg, 
The factors at our disposal do not enable us to decide in what direction 
the pressure in the intestinal capillaries is affected by the obstruction 
of the inferior vena cava above the diaphragm. 

In Exp. 7 we investigated the influence of obstruction of the 
inferior. cava when the thoracic aorta was already obstructed. As 
might be expected, we get a'slow steady rise in both venous mano- 
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meters, but the slowness of the rise bears witness to the very small 
amount of blood that is entering the lower part of the aorta. Four 
minutes after the obstruction of the inferior cava, the pressure in the 
two veins had only reached 105 mm. MgSO,, in the last two minutes of 
which it had only risen 5 mm. Under these circumstances the flow of 
blood through the abdominal organs must be practically at a standstill, 
as is shown by the equality of the two venous pressures. On releasing 
the aorta, we at once obtained the usual large rise of pressure in the 
two venous manometers, the portal pressure rising to 280 mm. and the 
vena cava pressure to 235 mm. MgSO,. It is worth noticing that 
in this case the vena cava pressure rose higher than the pressure in the 
portal vein, an occurrence probably due to the fact that the obturator 
was immediately over the opening of the hepatic veins. 


Obstruction of the portal vein. 


On obstruction of the portal vein the rise of pressure produced 
in this vein was too great to be recorded by our manometers. We 
found in other experiments that this rise of pressure might amount 
to 600 or 800 mm. MgSO,. The only point of. interest about this 
experiment is the behaviour of the arterial pressure on obstruction 
of the portal vein. It will be noticed that obstruction of the portal 
vein causes a rise of arterial pressure (in one observation from 92 to — 
102 mm. Hg), and that the release of the ligatured portal vein brings 
about a temporary fall (from 104 to 82 mm.). These effects must be 
due to the increase or diminution of the resistance of the splanchnic 
area caused by ligature or release of the portal vein. The familiar fall 
of arterial pressure which follows ligature of the portal vein is a later 
phenomenon, and does not make its appearance until one or two 
minutes have elapsed after the ligature has been applied. We might 
perhaps ascribe the rise of pressure on ligature of the vein to the 
sudden cutting off of the large capillary area of the liver, but the 
two factors (diminished area, and increased resistance) are so intimately 
connected, that the difference between them is more one of description 
than of fact. 


CoNncLUSION. 


Our results then confirm in the main the principles of the 
circulation which have been so ably worked out by Ludwig and his 
pupils, and even those results which are new only afford further 
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examples of the universal applicability of these principles. Of these 
we may especially draw attention to the existence of two phases in the 
rise of venous pressure after vagus stimulation, and to the importance 
of the rise of venous pressure in plethora and hydraemic plethora. 

It may be useful to summarise here our conclusions with regard 
to the effect of the various procedures — in the capillary 
pressures in the abdominal organs. 


Capillary pressure 
Procedure 
— Intestines &c. | Liver 

Section of cord Fall Slight fall 
— of vagus. Cord | Large fall Slight rise 
Seimstlation of vagus. Large fall Slight rise 

Splanchnics cut. 
Stimulation of vagus. Nor- | Probable fall during | Rise during excitation 

mal excitation 


: Rise after excitation | Normal after excitation 
Asphyxia, normal animal Slight rise gg a | Rise till death 
ual 


Asphyxia with cord or Fa : ¢ Probably unaltered 
splanchnics cut | 
Excitation of splanchnics Rise after excitation | Slight iy during exci- 
tation 
Anaemia Fall Fall 
Plethora and hydraemic Large rise Large rise 
plethora 
Simple hydraemia Unaffected | Unaffected 
Obstruction of aorta Large fall Doubtful. Perhaps un- 


* Obstruction of inferior vena | Doubtful. Perhaps 
cava above diaphragm unaffected 
Obstruction of portal vein Very large rise 


It will be seen from these results how fallacious it is to argue that 
a fall of arterial blood pressure necessarily implies a fall of pressure in 
all the capillary areas of the body. Short of a direct determination of 
the pressure in the capillaries (for which we have not yet a sufficiently 
reliable or convenient method) we can only judge of changes ih the 
capillary pressure when we take the pressures on both sides of the 


capillary area, viz. in both afferent and efferent vessels. Our results 
will serve to illustrate both the applications and the limitations of this 
method. | 
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Note. We have mentioned that the fall of arterial pressure which 
is produced by section of the cord is conditioned by two factors, viz.: — 

(a) Lowered peripheral resistance, 

(b) Increased capacity of the whole vascular system. 

We have lately sought to obtain some conception of the part played 
by each factor in the full, and although our method is not free from 
objections, we think the experiment is worth quoting. 

The second factor (increased capacity) causes the fall in arterial 
pressure immediately by diminishing the flow of blood from the great 
veins into the heart. We thought then that we might neutralise this 
factor by injecting warm defibrinated blood into veins of a dog after 
section of the cord, until the pressures in the portal vein and vena cava 
were equal to their former values before the cord was divided. The 
pressure in the great veins being thus restored to normal, the heart 
would have the same amount of blood at its disposal, and if its powers 
were unchanged, would drive the normal amount of blood into the aorta 
at each beat, so that now the only factor tending to diminish the 
arterial blood pressure would be the lessened peripheral resistance. 

We give here the details of the experiment : 


Oct. 18, 1893. 


-. Dog 6°3 kilos. Cannulae in left fem. art., in 1 splenic vein and in left 
external iliac vein. Spinal cord exposed about 1st dorsal vertebra. 


Time Fem. Art. Portal Vein Vena Cava 
3°35 106 100 16 
106 98 14 
107 93 12 
3 107 92 12 
3°43 © Cord divided at Ist dorsal —— 
4:14 57 
4:16 20 c.cm. blood injected 
4:17 64 10 
4°37 30 c.cm. more blood injected 
4°41 25 c.cm. more blood run in 
4°42 70 78 14 
71 78 10 
4°43 25 c.cm. blood injected 
: 82 85 8 
448 | | Another 25 c.cm. blood injected 
451 96 109 16 
96. 108 17 
95 110 18 


Dog weighed 6:3 kilos. Total amount of defibrinated blood injected 
= 125 c.cm. 
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It will be seen from this that the normal venous pressures were not 
reached until between 100 and 125 c.cm. of defibrinated blood had 
been injected. Now this dog had almost 500 c.cm. of blood in his 
body, so that, if our arguments are correct, the dilatation of vessels 
ensuing on section of the cord at the Ist dorsal vertebra increases the 
capacity of the =“ by 125 c.cm., ie. by a quarter of its whole 
capacity. 

Mall has shown that on stimulation of the splanchnic nerves the 
amount of blood driven’ out of the constricted vessels may amount to 
from 3 to 27 per cent. of the total blood of the body, and our experiment 


- seems to show that as great a change in the opposite direction in the 


capacity of the abdominal and other vessels is produced by their 


complete relaxation. It is interesting moreover to notice that after the 


restoration of the venous pressures, the arterial pressure is not far below 
the point at which it stood before the division of the cord, and is in fact 
only 10 mm. Hg lower. 

From this one experiment, then, we might say 

Total fall of arterial pressure produced by section of the cord 
= 50 mm. 

Of this fall 10 mm, is due to the diminished peripheral resistance, 
and 40 mm. to the increased capacity of the whole system, a conclusion 
which we were extremely surprised at. We have not continued the 
investigation of this subject, since there is one possible fallacy in 
our method: viz. the impossibility of being sure that the amount 
of fluid driven out by the heart is really restored to the normal. The 
obvious way of getting over this difficulty would be to use, not the 


venous pressures, but the “second volume” of the heart as the criterion 


of the amount of fluid to be injected. Probably the use of an instru- 
ment such as Roy’s cardiometer would be the best means of solving 
this difficulty. 


DESCRIPTION OF DIAGRAMS. 


In all the. diagrams, the divisions along the ordinates represent 10 mm. 
The arterial pressures are expressed in millimetres of mercury, the venous 
pressures in millimetres of 25°/, solution of magnesium sulphate in water. 

The thick line is the pressure in the femoral artery. 

The broken line is the pressure in the central end of the common femoral 
vein (inf. vena cava pressure). 

The thin line is the pressure in the portal vein, as registered by a 
manoneter connected with the splenic vein, 
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The divisions along the abscissa correspond in most cases to 10 second 
intervals. In VIII. and IX. however each division represents: 30 seconds. 
Diagram I. (Protocol 11). 
Excitation of vagus in a dog in which the spinal sai had been divided 
in upper dorsal region. 
Diagram II. (Protocol 5). 
Excitation of both splanchnic nerves. 
Diagram IIT. (Protocol 4). 
Asphyxia. Normal animal. 
Diagram IV. (Protocol 12). 
Asphyxia in dog with divided cord. 
Diagram V. (Protocol 3). 
Excitation of vagus. Normal animal. 
Diagram VI. (Protocol 10), 
Excitation of vagus. Normal animal. 
Diagram VII. (Protocol 1). 
_ Excitation of vagus. Both splanchnics divided. 
Diagram VITI. (Protocol 2). 
Obstruction of inferior vena cava above —e 
Diagram 1X. (Protocol 8). 
Hydraemic plethora. 
Diagram X. (Protocol 13). 
Simple hydraemia. 


PROTOCOLS. 


In each of these experiments the figures in the right-hand column follow on 
those of the left, whether the latter are on one page or on two. 


EXPERIMENT 1. 

Excitation of vagus. Splanchnics divided. 
July 13, 1893. Dog about 8 kilos. Both large splanchnics divided. 
Smaller splanchnics intact (?), at any rate not cut. Left femoral artery to 
Hg manometer. Left femoral vein and splenic vein to MgSO, manometers 


(25 °/,). Reading of arterial pressure every 10 seconds. Right vagus divided 
on Ludwig electrodes. Left vagus intact. 


MgSO, MgSO, 
Art. Hg Portal Vein Inf. Cava Art. Hg Portal Vein Inf. Cava 
101 65 40 76 
101 42° 14 61 
101 65 | Six beats. 
101 40 66 48 
101 71 56} 


101 | 40 Excitation stopped. 


> 
4 
& 
wa 
13 2 
' 
y 


194 M. BAYLISS AND E. H. STARLING. 


101 63 72 
101 38 74 
101 63 82 
101 37 86 
Vagus excited. 88 

18 60 : 91 
13 72 92 
12 61 94 
11 79 96 
11 61 96 
One beat. 97 

! Heart beating slowly. 2 Heart still slow 


EXPERIMENT 2, 
Obstruction of inf. cava above diaphragm. 


56 

48° 
65 

51 
50 
69 

48 
66 


July 19, 1893. Cannulae in fem. art. and inf, cava and portal vein. 
Left vagus divided and on electrodes. Obturator in inf. cava (splanchnics 


intact). 
Hg man. MgSO, man. MgSO, man. 
‘Fem. Art. Portal Vein Inf. Cava Fem. Art. Portal Vein Inf. Cava 

64 27 221 
66 52 27 234 
69 89 ee 220 
72 51 27 230 
71 90 27 217 
73? — 27 228 

One syringeful injected. 27 3 215 


| 
| 3 Pulse rate normal. 
| 

i 62 nae 27 228 

62 27 213 
| 26 212 
| 36 240 26 

32 240 Water let out of obturator. 
j 31 242 64 49 
} 30 232 70 80 

: 30 241 66 46 
30 231 65 100 

30 242 66 46 
28 231 68 101 

| 28 240 71 46 
| 28 228 73 102 

4 28 238 76 45 
27 226 Obturator then removed altogether. 
27 238 

1 No reading, 2 Complete obstruction. 


July 19, 1893. 
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EXPERIMENT 38. 
Stimulation of vagus. Normal animal. 


(Same experiment continued.) Left vagus on Ludwig 


electrodes. 
Hg man. MgSO, man. Hg man. MgSO, man. 
| 
Fem. Art. Portal Vein Inf, Cava | Fem. Art. ortal Vein Inf. Cava 
87 44 95 304 
88 100 92 54 
88 43 93 180 
90 104 | 93 7 51 
90 43 94 170° 
90 106 94 51 
90 : 42 94 158 3 
Vagus excited. Coil 5 cm. 94. 49 
26 94. 140 
20 74 94 vee 49 
16 96 94 127 
10 81 94 49 
10 98 94 116 
10 110 94 47 
10 126 94 108 
1] 138 94 44 
76 144 94 106 
62 123? 96 , 42 
53 134 abe 96 100 
53 95? 97 42 
Vagus off. 97 100 : 
84 154 98 46 
98 60 
1 Beating slowly. 


Asphyuia. Both vagi cut. Splanchnics 
July 19, 1893. (Same experiment continued.) 


Hg man. 
Fem. Art. 
126 


MgSO, man. 


Portal Vein Inf. Cava 


90 
84 


48 
48 


Hg man. MgSO, man. 
Fem. Art. Portal Vein Inf. Cava 
53 142 
50 145 
45 134 
40 136 
36 131 
29 134 
24 127 


21 3 128 
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134 124 a4 15 124 

70? 12 114 

137 114 2 12 116 

120 , 78 12 110 | 

94 120 112 

87 96 11 104 

80 128 | 10 106 

84 101 | 

84 136 10 | 100 

10 98 

79 42 10 98 

78 140 10 96 | 

69 142 10 

65 140 10 96 

61 144 9 92 i 

144 gs 

56 


1 No readings. Both pleural cavities opened. 
2 Strong respiratory movements, causing enormous excursions of venous iendihebets: 
Atlh. 30m. At 1h. 45m. pressures were: 
Fem. art. 5 mm. Hg. Portal vein 59 mm. MgSO,. 
Inf. cava 58 mm. 96 


EXPERIMENT 5. 
Excitation of both splanchnics. (One vagus intact.) 


J uly 20, 1893. ‘ 
Fem. Art. Portal Vein Inf. Cava Fem. Art. Portal Vein Inf. Cava 
93 92 116 68 
93 82 108 190 
94 92 104 64 
92 72 99 186 


94 92 64 
68 


| Splanchnies excited. | 66. 
111 92 140 

116 84 90 66 
1 111 120 
118 86 68 
| 121 140! 98 106 
4 124 86 98 68 
| 125 96 104 
126 82 102 68 
129 160} 96 104 
| 132 84 102 68 
: 132 160! 96 104 

132 82 101 66 

q 122 180 102 102 
‘ Excitation stopped. Right vagus was then cut. 

1 Heart slowed. 


Asphycia. Splanchnics and vagi cut. Excitation of splanchnics. 
July 20, 1893. (Same experiment continued.) ee 


EXPERIMENT 6. 
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8 
Splanchnie excited. 


Art. Portal Vein Inf. Cava | Fem. Art. 
Hd 102 20 
67 
58 100 17 
57 65 16 
56 97 14 
55 65 12 
54 96 11 
1 
10 
1. 
10 
46: 10 
42 120° 10 
42 63 10 
38 94° 10 
58 10 
3 90. 

38 58 
38 88 | He 
36 58 10 
34 84 9 
83 

9 
Splanchnies excited. 
25 94 6A 9 | 
31 
$0 108 
2 | 
26 110 | : 
25 98 
21 108 6 


1 No readings, Both pleural cavities opened. 


3 Heart slower. 


4 At 2h, 10m. 


Portal Vein Inf. Cava 


102 
Excitation off. 
106 
98 
95 
90 
88 
88 
84 
4 


88 
93 
90 
95 
90 
Excitation off. 
93 
82 
82 
77 
78 . 
75 
76 
73 
74 
72 
72 
70 | 
724 
48 50° 
movements. 
5 At 2h. 55m, 
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7 EXPERIMENT 7. 
— Obstruction of aorta with obstruction of inf. cava. 
July 21, 1898. | | 
Fon. Portal Vein‘ tnf, Cava | Bem. Art.” Portal Ven Ynf. Cava 
‘80 103 
| 105 
13. me 
Water let out of aortic balloon. 
42 138 
35 285 
248 
325 
268 
365 
260 | 
| 325 
280 
335 
_ Water let out of vein obturator. 
71 130 
45 
57 
61 
61 
59 


106 


53 
51 
51 
47 
47 
45 


101 
103 


76 
66 
66 
66 
67 
70 
72 
72 
74 
76 
78 
80 
85 
84 
85 
88 
88 
88 
88 
90 
88 
90 
90 
90 


1 Vena cava obstructed. No readings. © 
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14 84 104 
= | 14 87 
4 | 14 88 94 
14 9] 
14 94 90 
{ 14 98 88 
13 100 
13 102 82 
13 
3 13 104 80 
13 
a 13 104 
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EXPERIMENT 8. 


Hydraemic plethora. 
July 24, 1893. A cannula in rt. extl. jug. vein for running in normal 


saline. Readings every 30 seconds. 
Fem. Art. Portal Vein Inf. Cava 


102 98 33 
Injection of 500 c.cm. normal saline begun. 
120 

100 81 

98 200 

102 125 

100 230 

106 175 

110 250 

112 3 185 

120 270 

122 225 

121 280 

127 245 

122 290 

on 

126 320 

128 185 

124 270 

126 145 

126 260 


199 


135 
115 
105 
100 


120 


Toms, Art. Portal Vein Inf. Cava 

124 

126 252 
124 

125 244 
124 

124. 238 
123 

123 234 
122 

122 228 
128 

122 222 
122 

124 212 
122 

123 198 

Pause of two minutes. 

ign 
122 194 
122 

122 


EXPERIMENT 9. 


Bleeding (Anaemia). 
July 24, 1893. (Same experiment continued.) A. 0. E. given ea 
cannula inserted in rt. extl. iliac artery for bleeding. Readings every 


30 seconds. 

Fem. Art. Portal Vein ’ Inf. Cava, 
98 93 
94 118 

Bleeding from iliac artery commenced. 
48 72 80 
22 46 75 
12 54 80 
30, 52 77 
28 52 73 

Bleeding recommenced. 


At3h, 44m. 


Portal Vein Inf, Cava 
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EXPERIMENT 10. 


Stimulation of Vagus. (Normal.) 

July 25, 1893. Left fem. art. to Hg man. Portal vein and left inf. 
cava to MgSO, manometers. Rt. vagus intact. Left vagus cut and peri- 
pheral end on Ludwig electrodes. Cord exposed at lower border of 7th 
cervical vertebra (or Ist dorsal). Reading every 10 seconds, 


Fem. Art. Portal Vein Inf. Cava Fem. Art. Portal Vein Inf, Cava 
90 105 : 64 76? 
78 64 183 

2. 106 68 
94 78 80 217 
93 105 76 66 
| Vagus excited. 76 207 
80 64 
| 88 64 
gigs | 
10 115 98 141 
10 153 127 
170! 108 64 
12 182 . 112 117 
186" 114 107 
15 io 105 
16 197 ; 118 62 
190 120 101 
122 97 
56 157 
125 97 
56 92 A. ©. E. mixture given and the cord then 
26 147! : divided above Ist dorsal vertebra. 


1 Heart 2 Heart beating sl 
i EXPERIMENT 11. 
“Stimulation vagus. Cord divided. 
July 25, 1893. Same experiment continued, but cord divided at 7th C. 


or lst vert: 
Fem, Art. Portal Vein Inf. Cava Fem. Art. Portal Vein Inf. Cava 
Cord cut. 7 82 3 

62 73 7 79 
62 | 61 7 82 : 
59 73 64 80 
58 . 62 Excitation stopped!. 
58 73 a 83 

58 62 6 82 

Vagus excited. 83 
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1 Heart does 
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79 
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not beat. 
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2) 
oO 


* No readings. Heart not beating, so fingers introduced into abdomen and heart 


pinched rhythmically till it once more beat of itself. Rt. vagus cut. 


3 C. (About 2 min. later.) Heart beating spontaneously and regularly. 


EXPERIMENT 12. 


Asphyxia. Cord divided. Both vagi cut. | 
July 25, 1893. Same experiment continued. (Reading every 10 secs.) 


Fem. Art. Portal Vein Inf. Cava Fem. Art. Portal Vein Inf. Cava 
58 87 28 50 
59 48 26 71 
60 89 22 48 
61 . 48 20 67 
62 89 18 52 
63 48 16 67 | 
Both pleural cavities opened. 16 54 
60 14 ‘56 
63 «BO 66 
64 89 11 58 
65 50 10 66 
60 91 10 60 
62 52 10 66 
61 97° 10 62 
59 9 67. 
58 101 9 | 64 
54 52 9 67 
49 105 66) 
46 52 9 64 
42 93 i 9 65 
40 64 
87? | 9 65 
36 50 9 643 
34 81 
33 50 Spinal cord pithed. 
30 73 53 524 
2 Respiration slower. 3 At 3h. 4m. 


At 3h. 58m. 
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| EXPERIMENT 13. 
Hydraemia (readings every 30 secs.). é 
July 26, 1893. Left fem. art. to Hg man. Splenic vein and left fem. 


vein to MgSO, manometers. Cannulae in rt. ext. jugular for running in 
saline and in rt. fem. art. for bleeding. 


Fem, Art. Portal Vein Fem. Art, Portal Vein Inf. Cava 
80 | 103 78 87 
«80 101 70 97 36 
101 74 90 BS 
62 73} | ; Bleeding begun. 
42 53) 58 81 30 
42 42 36 51 22 
50 43 26 41 
26 45 22 
60 512 Injection of 150 c.cm. saline. 
72 612 
79 170? 46 67 32 
64 1502 54 me 38 
8 14 
69 137 56 75 36 
76 147 60 71 28 
82 147 63 71 26 
80 62 77 285 
Valve in fem. vein got rid of. 
1 Bled to 200 c.cm. 2 200 c.cm. normal saline injected. 
3 A valve in femoral vein, so all femoral readings up to now had to be rejected. 


¢At2h. 56m. 5 At 8h. 14m. 


EXPERIMENT 14. 
Hydraemic plethora, 
July 26, 1893. (Same experiment.) 


3 After deep inspiration. At 3h. 26m. 5 At Sh. 36 m. At dh. 6m. 


Fem. Art. Portal Vein Inf. Cava Fem. Art. Portal Vein Inf, Cava 
| 62 77 445 | 151 78 
60 82 32 150 64 
5B 87 $4 150 56 
jection begun. 153 52 
72 101 36? 68 187 842 
| 64 115 46° 76 197 © 84 
| 68 — 74 
i 65 147 90? 72 187 744 
ij 70 167 124? 72 110 50° 
| n ended. 
72 153 86 86 
it At3h. 17m. 2 Injection of 350 c.cm. normal saline °/,). 
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FURTHER OBSERVATIONS ON THE ELECTRO- 
MOTIVE PROPERTIES OF THE SKIN OF THE 
COMMON EEL. By E. WAYMOUTH REID, Professor 
of Physiology in University College, Dundee, St Andrews Univer- 
sity, N.B., anp A. G. TOLPUTT, Student of Medicine. (One 
Fig. in text.) 


IN a recent paper one of us’ maintained that the E.M.F. of the current 
of rest of the skin of the eel is intimately associated with the metabolic 
processes of its secreting elements, since the current is capable of 
incremental and decremental variation in accordance with change of 
physiological condition. A morphological study of the process of 
secretion in the skin shows that two distinct glandular elements are 
concerned, viz. the club cell and the goblet cell (mucous cell), and it is 
obviously of interest to determine if possible how and: to what extent 
these two elements contribute to the current capable of derivation from 
the skin, more especially when it is borne in mind that Fritsch has 
maintained that the electric organ of Malapterurus is built from a mass 
of club cells. 

To this end a closer examination of the phenomena of excitation 
than was possible for us at the time of publication of the first paper 
is needed. (At that time our laboratory did not possess any instru- 
ment of the nature of a rheotome and as a consequence the earlier 
phenomena of excitation could not be subjected to investigation.) 

Furthermore the publication of an extremely interesting and sug- 
gestive paper by Biedermann’, dealing with cell currents, shortly 
after the reading of the electrical paper referred to above, has also 
prompted us to consider a little more fully several other points in 
connection with the currents of both rest and action. 


1 Waymouth Reid. Phil. Trans. Vol. ouxxxtv. (1893) B pp. 335—365. Read 
Dec. 15th, 1892, 
2 W, Biedermann. “ Uber Phliger’s Archiv, Bd. 54, 1893, pp. 209- -277, 
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Biedermann dealing in the main with mucous cell currents 
(tongue, skin, pharynx and cloaca of Frog) has applied Hering’s 
extension of Hermann’s “alteration theory” to explain the changeful 
picture of secretion currents, maintaining that the direction of such 
currents is determined by the predominance at any given moment 
of either the anabolic or katabolic processes within the cells of the 
structure, Biedermann made some observations upon the skin of the 
eel (unfortunately no experimental details are given in his paper) and — 
his results led him to class this structure with the other purely mucous ~ 
organs above mentioned. | 

 . The fact that the results for the skin of the eel originally published 
by one of us are not in several respects in harmony with Biedermann’s 
statements made further observations imperative. 

Though our attention has been chiefly directed to the phenomena of 
excitation, we have made a few observations relating to the current 
of rest which supplement those contained in the previous paper and in 
one connection remove a misconception. 

We proceed to state the points dealing with the £.M.F. of the current 
of rest before passing to those relating to excitation. 


THE CURRENT OF REST. 


It was noted in the previous paper that though the direction of the 
current of rest is normally ingoing, often, especially after excessive 
secretion, such as occurs when the fish is not at once struck motionless 
with the pithing instrument, the current of rest is outgoing when the 
skin is first subjected to examination. | 

This condition of reversed rest current has always been noted to be 
temporary and if time be given a re-reversal to normal occurs. 

The opinion originally expressed in this connection was that the 
cause of the temporary outgoing current of rest lay in “shock” or 
fatigue of the secretory apparatus causing diminution in the £. M. F. of 
the normal ingoing current, at the same time that injury to the inner 
surface set up an E. M. F. with a current in the opposite direction. 

From further observation of this condition of contra-normal direc- 
tion of the current of rest we find that it is not necessary to consider 
that an outgoing current of injury contributes to any marked extent to 
the production of the condition. 

We find that experimental injury by heat of the inner surface of a 
piece of skin with outgoing current of rest, so far from causing any 
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increase of contra-normal current, actually brings about a diminution, 
heat stimulation of the epidermic elements of the outer surface (via the 
cutis) tending to develope the ingoing current normal to these struc- 
tures’. 
Indeed the rapidity with which re-reversal supervenes may be 
markedly increased by actual searing of the inner surface. 
The following experiment is quoted in illustration®. 


Experiment I. 
Eel allowed to struggle in a wet sink for 40 shiosien. 


_ Inner surface of skin negative to outer when the se eine was ‘first 
observed. 


E. M. F. 
4.50 p.m. 540 8 
4.53 ,, 380 8. 
Inner surface seared with hot copper spatula. 
4.544 p.m. 1158 
4.554 ,, 10.N Reversal. 
Inner surface again seared. 
4.57 p.m. 110 N. 


Furthermore we find that re-reversal of an abnormal outgoing 
current may take place in skin left upon the fish, showing that we are 
not dealing with a process of diminution of an injury current with 
E.M.F, originated at the inner surface. This fact we think much in 
favour of the assumption that the reversed current is simply an indica- 
tion of fatigue of the secretory apparatus, re-reversal to normal being 
produced in the course of recovery. 

The following experiment illustrates “recovery” of skin left on the 
animal. 


1 The effect of heat on the skin is referred to in the previous paper, p, 357, 
2 In all experiments, 
A north galvanometer deflection (N) signifies outer surface of skin negative to inner 
surface, i.e. Ingoing current. 
A south galvanometer deflection to outer 
surface, i.e. Outgoing current. 
The numbers in the right-hand column in Experiments I. II. III. and IV. indicate 
degrees of which 1=-000008 D. (Thus 5408 indicates an ontgoing current 
with an z, F. of 00432 D.) 
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Eel allowed to struggle. Inner surface of skin negative to outer surface. 
KE. M. F. 
Ist piece of skin stripped 4.5 p.m. 2658 — 
2nd piece stripped 417 ,, ee 
8rd piece stripped 4,32,, 
By | 4.38 ,, 220 N. 


Biedermann’s observations on the currents of mucous cells have 
led him to consider the ingoing current as indicative of the balance in 
the cell processes being in favour of katabolism, and we are tempted to 
call in his assumption in the case of the eel’s skin and account for the 
outgoing current so often observed in the skins of eels with fatigued 
secretory elements, by imagining that a reparative anabolic process is in 
the ascendant, as a consequence of the foregoing prolonged katabolic 
act of secretion. 

We cannot however determine with certainty which of the two 
forms of secretory cell, club cell and goblet cell, contributes more to the 
production of the condition of reversed current in the skin. 

A preparation free of club cells and holding only goblet cells and 
ordinary epidermic cells is easily got from the lip of the eel. The skin 
contains relatively few goblet cells and an excess of club cells. 

Of the two preparations the latter is more liable to reversal than 
the former, though the phenomenon is possible in both. 

Thus if we exclude any part played by the ordinary epidermic cells 
(though seeing that all cells of the epidermis are born of the same 
parents, viz. the cells of the palisade layer, this exclusion is not 
altogether warranted), we must admit on Biedermann’s hypothesis 
_ that two sources of E,M. F. with related opposing currents are as pomable : 

for the club cells as for the goblet cells. 

Seeing that the effects of change in temperature and moisture upon 
the rest current were studied by Biedermann in the case of mucous 
structures, we determined to make a few observations upon the skin of 
the eel. 

According to Biedermann cold and water-abstraction favour a 
cell balance on the side of anabolism productive of an outgoing current 
of rest, while heat and water-absorption promote a katabolic phase 

with accompanying ingoing current. ) 
_ With the purely mucous lip of the eel we gained results in the main 
confirmatory of Biedermann’s conclusions. Cold and treatment with 
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solutions of sodic chloride above normal percentage markedly reduce 
the ingoing current, while warmth tends to cause increase. We have 
not however found that treatment with water favours the condition of 
an ingoing current, though wetting with normal saline acts in this 
direction. Indeed we have often seen water and strong salt solution act 
in a similar manner and oppositely to normal saline. The deleterious 
effect of water tending to weaken the normal ingoing current quite 
overrides any favourable effect due to absorption of moisture, and it is 
necessary to use normal saline to obtain evidence of the latter effect. 

In the skin where club cells are many and mucous cells few we do 
not get quite the same results as in the lip. | 

Cold has far less effect upon the ingoing current of the skin 
than on that of the lip and the deleterious effect of water is more 
marked, so that water at room temperature is far more likely to reverse 
an ingoing current than freezing normal saline solution. 

As in the lip, water and strong salt solutions act in the same manner, 
so that we are not inclined to attach so much importance to the water 
content of the membrane as affecting the direction of the current 
produced, as has been done by Biedermann. 

We give below two instances illustrating the effects of change of 
temperature, and treatment with water and salt solutions upon the 
current of rest in the skin. 


Experiment III. 


ideiikcieee ead reverses the current of rest more easily than 
cold normal saline solution. 


The freshly removed skin has an outgoing current of rest 


2.0 p.m. 260 8. 
Placed 10 mins. in normal saline at 15° O, ; 
2.105 p.m. 280 N Reversal. 
Frozen in normal saline 3 
2.20 p.m. 
Placed 10 mins. in normal saline at 1° C. | 
2.305 p.m. 130 N. 
Placed 5 mins, in normal saline at 15° C. 
2.36 p.m. 180 N. = 
Placed 5 mins. in distilled water at 15° C. 
2.42 p.m. 1500 8S. Reversal. 
Placed 5 mins, in normal saline at 15° C. 
2.48 p.m.  9ON. 
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Both water and strong salt solution tend to produce an outgoing current. 


_ When first removed the skin current was outgoing. Allowed to rest till 
ourrentiless. 


After treatment for 3 mins, with distilled water 12108 
ditto normal saline 140 N 
ditto . distilled water 3208 
ditto normal saline | 200 N 
ditto saturated sodic chloride solution 2408 


The solutions were at the temperature of the room. 


Our observations therefore seem to show that the skin with its 
predominance of club cells is far less sensitive to cold and more sensitive 
to changes in the salt percentage of the fluids with which it is brought 
in contact than the lip devoid of club cells and — mucous 
secreting cells alone. 


THE PHENOMENA OF EXCITATION. 


In the previous paper already mentioned the result of excitation 
of the skin of the eel (the lip was not investigated) was stated to be 
the production of an ingoing current of action, so that with normally 
directed current of rest the excitatory variation was found to be 
positive. 

The work done for that paper had through want of proper apparatus 
to be executed by very imperfect methods. We decided therefore to 
repeat some of the experiments with the help of improved apparatus. 

The apparatus devised by Gotch in his investigations upon the 
time relations of the discharge of Torpedo being in every way suitable 
for our purpose, we caused a well made spring myograph to be fitted 
with a series of keys, in order to act as a rheotome. 

The circuit employed is shown in Fig. 1, and is similar to that ed 
by: Gotch'. 

Of the three trigger keys K,, K, and K, opened by the travelling 
plate of the myograph, KX, is single and tnieake the current of the 
Daniell cell D, through the primary coil P of the induction coil, thereby 
stimulating the skin M by the break shock from the secondary coil S 
when the du Bois key X is open. XK, is a double key and when closed 


1 Phil. Trans, Vol. ouxxrx. (1888), B p. 882. 
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short circuits the galvanometer @ (Elliott 20,496 BA units) until the 
induction shock is ended. K;, which completes when closed the circuit 
from the skin through galvanometer, compensating circuit, and secondary 
coil 8, is also a double key. 
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The “ window ” 3 is K,—K,, 

R, and K, could be adjusted on a scale either in relation to one 
another or to K » & separate slide allowing the distance of the window 
from K, to be varied. 

The reverser R, allowed the direction of the induction shock through 
the skin to be varied. 

When desired K, was replaced by a key worked by hand for purposes 
of prolonging the galvanometer closure, 

This piece of apparatus with its strongest spring gave us a range of 
from ‘003 sec. after excitation up to ‘021 sec. 3 | 

With a weaker spring the range was from ‘008 to ‘056 sec. 
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We assured ourselves that with coil at 0, the galvanometer was not 
affected by the induction shock when the interval K,—K, was made 
‘003 sec. 

For the measurement of long latencies (see Lip I (8) below) having 
no slow rheotome we used a D’Arsonval’s Electric Chronograph reading 
to hundredths of a second, keys worked simultaneously with K, and K, 
of the myograph bringing about the gearing and ungearing of the 
indicator. 

The excitations haye necessarily all been direct since no nerve skin 
preparation is possible in the eel. 

Since we knew from previous observations that the E.M.F. of 
excitation is closely related to that of the current of rest, we were 
careful in our successive observations in a rheotome experiment to 
always excite the skin at approximately the same level of potential of 
rest current. This often made observations very tedious since the after 
effect of an excitation may last for many minutes. 

The skin was fixed on a cork frame with hedgehog bristles as 
in previous experiments and was in an Engelmann’s moist chamber 
provided with non-polarisable electrodes with crochet cotton contacts 
moistened with normal saline solution. 


I. THE EXCITATORY PHENOMENA IN THE LIP. 


We proceed to consider the case of the lip in the first place, since 
on account of the absence of club cells in ‘tis structure, the conditions 
are simpler than in the skin. 


(a) The nature of the excitatory variation. 


The current of rest of the lip is, as already stated, ingoing in 
direction. When the lip is excited by a break induction shock, we find 
that the nature of the variation of the current of rest is influenced by 
two main conditions, (a) The E.M.F. of the original ingoing current of 
rest, (b) The intensity of the induction shock. 

A well developed ingoing current of rest and a strong stimulus 
favour the production of an outgoing current of action, ie. negative 
variation (S), A weakly developed ingoing current of rest and a weak 
stimulus tend to produce an — current of action, i.e. positive 
variation (N). 
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The following instances are given in illustration +. 


EXPERIMENT V. 


Variation of direction of current of action in accordance with alteration of 
intensity of stimulus. 


IL II. III. IV. 
E. M. F. sare of | Direction of | Deflection of 
Sh Shock Galvanometer 
1480 c.p 33 N 
,, 33 N 
1470 ,, 210 S$ 
1470 ,, 210 Sn 
— 65 4 S faint 
1280 ,, A N faint 
SN 
— 39 N 


In the above it is evident that the weaker excitation favours the ingoing 
current of action (N), the stronger the outgoing (8). 
| Experiment VI. 
Variation in nature of excitatory current, with constant stimulus but: 
altered E. M. F. 
Il. Il. IV. 


400 ,, 445 sN. 


A fall in the m. of the ingoing current of favours 
of an ingoing current of action. 


We find furthermore that in the lip the direction of the exciting 
induction shock is often not without effect. With equal intensities the 


homodromous (ingoing) induction shock may appear to be a stronger 
stimulus than the heterodromous (outgoing) shock. Thus 


' The numbers in Column I. are compensator degrees of which 1= 000008 D and 
indicate the u.m. ¥. of the current of rest of the lip immediately prior to excitation. 

Those in Column II. indicate the relative intensities of the induction shocks. 1000= 
secondary coil completely over primary, 0= secondary coil 40 cms. distant from primary. 

In Column III. an arrow with head down | indicates a homodromous induction shock 
(i.e. in the same direction in the skin as the rest current). An arrow with head up 4 
indicates a heterodromous induction shock. 

In Column IV. N denotes an ingoing current of action. 

8 ” outgoing 9? 

The symbols s and 8, n and N are used to indicate roughly a small ae late detection, it 
the number of scale degrees was not noted. 
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Expertment VII. 
I. II. It. IV. 
560 445 150° 
560 455 S 70°. 


We are of opinion that this effect when present is probably due to 


physical polarisation in the skin, the inwardly directed shock developing: 


an outwardly directed polarisation current and vice versa. We see no 
need to consider the phenomenon as one of “ irreciprocal excitation.” 

Our results then with the mucous lip as regards the nature of the 
excitatory variation agree closely with those gained by Biedermann in 
other mucous structures. 


(8) goriad of tha 


In our first attempt to determine the latent period of the excitatory 
variation in the lip we used the spring myograph rheotome with its 


weaker spring giving us a range of time from ‘008—056 sec. after 


excitation and using a “ window ” of ‘008 sec. 

We obtained no deflections whatever, closing the galvanometer up 
till 056 sec. after excitation showing that we were within the latent 
period. Thus 


Experiment VIII. 
Lower lip of eel. Temperature 18° C. 


Shock homodromous. 

E. M. F. Intensity of shock Galvanometer closure Deflection 
390 op. 445 008—016 sec. 
400 ,, | 024 ..,, - 0 
420 ,, es 032—-040 ,, 0 
400 040—-048 ” 0 
420 ,, 048—-056 _,, 


When K, (see Fig. 1) was kept closed a -_ negative variation (S) was 
obtained as result of excitation. 


We therefore adopted the method with the D’Arsonval chronograph 
mentioned on page 210. 


The following experiment is an example. 
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Experiment IX. 


Upper lip of eel. Temp. 18°5°O. Shock homodromous. _ 
E. M. F. 320 ¢.D. Intensity of shock 445. 


Time interval K,—K;. Deflection. 

"075 sec. | 0 
‘150 ,, 0 
‘170 ,, 0 
220 ,, 0 
250 ,, 0 
270 ,, 0 
310 ,, 0 
‘330 ,, Faint 8 
‘370 ,, Marked 8 
‘570 ,, Very marked 


The latent period therefore in this case was between ‘31 and ‘33 sec. © 

With more highly developed ingoing rest current however the 
latency may be far shorter, and especially when the intensity of the 
stimulus is increased, but nevertheless it is always a matter of several 
hundredths of a second. Thus mm 


EXPERIMENT X. 


Upper lip of eel. Temp. 18°C. Shock homodromous. 
Intensity of shock 630, 


Time interval K,—K,. Deflection. 
03 sec. 0 
0 
0 
OT Faint 
085 ,, Marked S 


In this case the latent period was between ‘06 and ‘07 sec. | 


 (y) The course and duration of the excitatory variation. 


Preliminary experiments showed us that the excitatory state is of 
considerable duration. 

Having no sufficiently accurate slow moving apparatus wherewith 
to follow out the development and course of the outgoing current 
produced upon excitation of the lip, we employed two methods used by 
Gotch? in following the after effect of the discharge of the organ 
of Torpedo. | 


1 Phil. Trans. 178 (1887) B, pp. 519 and 521. 
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In the first method a supplementary short circuit to the galvano- 
meter was introduced by placing a du Bois key across the wires 
leading from K, (see Fig. 1) to the shunt. K, was replaced by a key 
kept closed. | 

The myograph was first sprung with the du Bois key open and K, 
at 048 sec. after K, Next the du Bois key being closed the myograph 
was sprung and the galvanometer un-short circuited 1 sec. after excitation 
(timed by metronome). The next period was 2 secs. after excitation 
and soon. Thus 


EXPERIMENT XI. 


Lower lip of eel. Temp. 19°0. Shock homodromous. Intensity 630. 
E. M. F, 455 


Closure. Deflection in scale degrees. 
048 sec. after excitation 200° S 
l sec. 190 ,, 
2 180 ,, 
3 175 ,, 
157 ,, 
ae 130 ,, 
8 115 ,, 
10,,  100,, 


Finding the fall so slow we closed the galvanometer at longer intervals. 

The “falling time” of the instrument was 15” and we therefore 
took 15” readings. The du Bois key across the wires from K, was 
retained and K, was replaced by a Morse key. 

Two series of observations were taken. In the first the myograph 
was sprung with K, ‘003 sec. after K,, the du Bois key open and the 
_ Morse key closed. 

The Morse key was held down 15”, opened for the period 15”—30” 
after excitation, closed 30’—45” ete. 

In the second series of observations taken at same potential, the 
myograph was sprung with the du Bois and Morse keys both closed. 
Both were then quickly opened and the Morse key again closed 
15”—30” after excitation. Opened 30’—45” closed 45’—60” and so 
on. Thus the second series of observations filled in the gaps in the first. 

_ The following experiment is illustrative. 
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EXPERIMENT XII. 
Upper lip of eel. Shock homodromous. £. a. F. 870 c.p. 
Closure. Deflection in scale degrees. 
‘003 — 15” after excitation 340° S 
193,, * 
— 45” 120 ” 
45”— 60” 80 ,, * 
75", | 62 
90”"—105” 39 ,, 
105”—120” 30 ,, * 
120”—135" 28 ,, 
135”—150” 


The deflections marked with an asterisk belong to the second series. 


We note therefore from the above observations that a very long 
“excitation remainder” is present in the lip, recalling that observed by 
Gotch in the organ of Torpedo. | 

To sum up the results of our observations upon the excitatory 
change of E.M.F. in the lip: 

1. The direction of the current of action is outgoing, provided the 
normal ingoing current of rest is well developed, i.e. the variation is 
negative. 

Weak excitation haben, especially with ill developed current of 
rest, tends to produce an increase thereof, i.e. a positive variation. 


2. The latent period of excitation is long, but very variable with 


changes in the intensity of the stimulus and the E.M.F. of the current 


of rest (065 sec. to ‘32 sec.). 


3. The excitatory condition evoked by the stimulus persists long 
(2 minutes). 


II. THE EXCITATORY PHENOMENA IN THE SKIN. 


A study of the histology of the skin has shown that the club cells 

are the principal secretory element, the mucous cells being in the 

The electrical phenomena of the skin we find are different in Jeiied | 
respects from those observed in the lip. 
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(a) The nature of the excitatory variation. 


As with the lip we find that the nature of the excitatory electrical 
change is influenced by two conditions, (a) The E.M.F. of the original 
current of rest, (b) The intensity of the stimulus. 

But these conditions act in a reverse manner upon the skin to that 
which obtains in the lip. We find in fact that the electrical phenomena 
in the skin do not agree with those observed by Biedermann in purely 
mucous structures. 

In the first place a high development of the E.M.F. of the normal 
ingoing current of ‘rest favours the production of an ingoing current of 
action, 1.¢. — variation. Thus 


EXPERIMENT XIII, 


Skin of eel. Galvanometer closed ‘003 sec. after induction shock. 
Current of rest ingoing and gradually increasing with time. 


. 7 Intensity of irection of Deflection of 

Time EMF. ‘Shook Galvanometer 
150 210 4 
11.10 195 210 es 0 
11.11 235 445  §N 
11.14 300 445 4 SN 
11.37 510 445 N 
11.39 515 445 N 
12.45 640 210 N 
12.46 640 210 N 
12.52 650 630 N 
12.54 655 630 : N 

12.56 658. 1000 No 

12.58 660 1000 y N 


In the second place with reference to intensity of stimulus we find 
that weak stimuli especially when associated with low ingoing current 
of rest tend to develope an outgoing current of excitation (8), while 
strong stimuli are in favour of an ingoing action current (N), and this 
is the better produced the higher the E.M.F. of the normal ingoing rest 
current, 

Thus weak stimuli favour an outgoing action current (8), strong 
stimuli an ingoing current (N), but provided the current of rest is 
ingoing (however weak) there is no such thing as a pure S (negative 
variation) but only SN (diphasic negative-positive). 
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Only in cases of reversed (outgoing) current of rest in fatigued fish 
is a pure S (now positive) variation possible, and then only provided the 
¥.M.F. of the reversed current is considerable and the stimulus strong. 
Even in such circumstances however an after effect of increased i ingoing 
current is always marked. Thus 


EXPERIMENT XIV. 


Skin of eel. Current reversed at commencement of experiment. 
Galvanometer closed °003 sec. after excitation. | 


Direction of | In of 
| Deflection of Galvanometer 


Outgoi 390 630 
265 630 SN 


We are therefore inclined to assume for the club wis of the skin 
the existence of two cell processes marked by opposite electromotive 
effects, as Biedermann has done for the cells of mucous membranes, 
for we are unable to allot the outgoing (S) action current of the skin 
(when present) to the mucous cells it contains seeing that we find the 
latent period of this action current is far shorter than that measured 
in the mucous lip’. 

But we find in the skin that the better developed the ingoing 
current of rest the more marked the ingoing current of action, i.e, the 
opposite to the results gained inthe lip. We cannot therefore here 
apply Biedermann’s theory that it is the cell process in abeyance that 
is more likely to come to the front upon excitation, for stimulation 
increases the activity of the process in the ascendant. Biedermann 
faradised the skin of the eel, and states on page 257 of his paper that 
local tetanising shocks cause as a rule great deflection of the galvano- 
meter needle in the direction produced by an outgoing current (negative 
variation) providing the shocks are fairly strong (“wiewohl erst bei 
ziemlich genéherten Rollen des Inductionsapparats ”). 

We are at a loss to understand this result, and since no experimental 
details are given cannot offer any criticism. 


1 The occasional presence of an outgoing action current was overlooked by one of us 
in previous work on account of insufficiently rapid closure of the galvanometer subsequent 
to excitation of the skin. 
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Faradisation never, so far as we have seen, gives anything but 
a positive variation of the normal skin current of the eel. 

A direct comparison of the excitatory variation in lip and skin is 
provided by preparing the skin of the head with the lip in continuity. 
The skin in the head is rather firmly attached to the subjacent 
structures and as a consequence of greater mechanical insult during 
removal does not present such a high E.M.F. of its current of rest as — 
is present in the lip attached. This however makes the result the 
more convincing seeing that low potential in the skin is adverse to 
the development of an ingoing current of action. Thus 


EXPERIMENT XV, 


Lip and head skin im continuity. Galvanometer closed 
excitation. 


Direction of current E, M. F. aly Deflection of 

of rest, : sh galvanometer. 
Lip Ingoing 1090 210 8 
Head skin Tngoing 680 210 N 


We were anxious at this stage of our work to observe the action of 
curare. Being limited to curarisation by absorption (seeing that in- 
jection into eels whose epidermis has to be preserved is out of the 
question), we placed the fish in baths of curare solution 1°/, On 
no occasion did we observe the familiar paralysis, and we find that 
others have noted the immunity of certain fish to curarisation by this 
method’. 


(8) The latent period of excitation. — 


In our attempts to measure the latent period in the skin we 
employed the fast moving rheotome using a “galvanometer window ” 
of sec. 

We soon found however that, in contrast to our results with the 
lip, our apparatus would not allow us to “get behind” the moment at 
_ which the excitatory process commences in the skin. 

We quote the following experiment in illustration. 


1 QOp.Hermann. Lehrbuch d. experimentellen Toxicologie. Berlin, 1874, p. 308. 
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Experiment XVI. 
Skin of Eel. Temp. 17°C. Galvanometer window ‘003 sec. 


E.M.F. | Intensity | Direction | ‘Time of closure | 
Time of Current of of of of Galvanometer Deflection 
Rest Shock | Shock after excitation 
10.55 1070 c.p. 630 003” —-006” 58° N 
11.0 1070 ,, ditto ditto 59° N 
11.6 1070 ,, 630 006” —-009” 61° N 
11.18 ditto ditto 62° N 
11.25 1070 ,, 630 009” —-012” 65° N 
11.34 1070 ,, ditto ditto 66° N 
11.43 1070 ,, 630 012”—-015” 64° N 
11.48 1070 ,, ditto ditto 65° N 
11.52 1070 ,, 630 015”— 018” 65° N 
11.54 1070 ,, ditto ditto 66° N 
11.56 1035 _,, 630 018"—-021” 65° N 
11.58 ditto ditto N 


‘Here then the ingoing current of excitation was well developed at the 
early period -003—-006 sec. after excitation. 


We made thirteen experiments upon the lines of Experiment XVI. 
and the result was invariably the same as regards the rapid de- 
velopment of the E.M.F. of excitation. 

In one experiment with the skin of an eel that had Sans frozen 
into a block of ice, we got no deflection with closures of the gal- 
vanometer up to ‘018—021 sec. after excitation (though the skin 
was proved excitable) and therefore must have been within the latent 

iod. 
ae in one case have we actually seen the commencement of the 
excitatory change in the skin and that was in the case of a fish that 
had been kept for several days in a trunk with some fifty others sunk 
in a pond. When the trunk was raised nearly all the fish were dead 
from “overcrowding.” The experiment is here given. 


EXPERIMENT X VII. 


Dying eel, Closures from ‘003—-006 up to ‘018—-021 with coil intensi- 
ties of 210 and 630 gave no result. 
Coil at 1000 gave the following effect : 
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E. M. F. Intensity Direction Time of closure 
of Current of of of Galvanometer Deflection 
of Rest Shock Shock after excitation 
210 1000 | 003” —-006” 0 
210 006”—-009” 0 
215 4 009” —-012” Faint N 
220 012” —:015” 2° N 
220 ” 015” —-018” 4°N 
200 018”— 021” 6° N 


Normally then we find the EMF. of excitation in the skin to 
be developed with great rapidity, a fact in strong contrast with the 


relatively slow development in the mucous lip. 


(y) The course and duration of the excitatory variation. 
One of us had already noted that an “excitation remainder” is a 
_ prominent feature in the skin variation’. It is indeed even more 
marked than in the case of the lip. . 

Using the methods noted on p. 214, we have obtained striking 
evidence of this, We quote an experiment illustrating the results 
observed by each method. 7 
Experiment XVIII. 


Skin of eel. Intensity of stimulus 630. Direction of shock +. Temp. 


17°C. Initial m. F. in all observations $20 o.pD. 


Galvanometer closure. Deflection in scale degrees. 
018 sec, after excitation 


” 
1 Reid. 


158° N 
156 ,, 


160 ,, 
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149 ,, 
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138 ,, 
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125 ,, 


loc. cit., p. 851. 
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EXPERIMENT XIX. 


Skin of eel. Intensity of stimulus. 630. Direction of shock }.. “Temp 
17°C. Initial m. F. 620, 


Closure, Deflection in scale degrees. 
‘003— 15 secs, after excitation 280° N | 
15— 30 ,, ” 190,, * 
30— 45 ,, 125 ,, 
45— 60, 110,, * 
60— 75 9 ” 95 ” 
75— 90 ” ” 85 ,, * 
90—105 ,, . ” 75,, 
105—120 ” 66 ” 
120—135 ,, 56 ,, 
135—150 ” 50 ,, 
45 ,, 
40 ,, * 
195—210 ,, 
210-—225 ,, 
- 295—240 ,, 
270—285 ,, ” ” | 
300—315 _,, 5, 
315—830 ,, 5,, * 
330—345 ,, 
345—360 ,, 0, * 


The deflections marked with an asterisk belong to the second series of 
observations of the result of an excitation at the same level of ©, mM. F. of 
current of rest. 

The £.m.¥F. therefore developed in excitation of the skin falls less 
: quickly than in the case of the lip, and the excitatory condition persists for a 
: ee much longer period of time. 
; The points to which we wish ‘to call attention therefore in the 
| excitatory phenomena of the skin are : | 
| | - (1) The direction of the current of action is ingoing provided the 


normal ingoing current of rest is well developed, i Le. the normal skin 
variation is positive, 


Weak excitation however, especially associated with ill developed 
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ingoing current of rest, tends to produce a diminution thereof, ie. a 
negative variation. 

(2) The latent period of excitation is very short, the E. M1 F. of 
excitation being well developed under normal conditions at a period of 
‘003—006 sec. after excitation. 

(3) The excitatory condition persists for a very long time (5—6 
mins.). If the results be contrasted with those appertaining to the 
lip (I. a.) we note that the normal variation for the skin relatively 
rich in club cells and poor in goblet cells is the direct opposite of that 
of the lip holding goblet cells only. We therefore conclude that, 
| (4) The direction of the current of excitation in the club cells is 

ingoing under normal circumstances, ie. from the upper bulbous 
towards the lower tapering extremity’. 


APPENDIX. 


If the conclusion that the normal ingoing action current of the eel’s 
skin is in the main a club cell effect be accepted, it would appear that 
possibly light is thrown upon the cause of the direction of the discharge 
of the electric fish Malapterurus. 

Du Bois Reymond showed that the discharge passes in the fish 
from head to tail. Fritsch* has clearly demonstrated that “ Pacini’s 
rule” is broken, for the axis cylinders of the electrical nerves directly 
fuse with the posterior or electrically positive surface of the plates. 

The development of the plates is still unknown, but Fritsch is 
strongly of opinion that they are of epidermic origin, and furthermore 
that the principal element in their structure is the club cell which 
occurs in the skin. 

If Fritsch is right, the discharge of Malapterurus is due to the 
action currents ofthe modified club cells of the plates. 


1 It is obvious that in reaching this conclusion (4) we have disregarded the possibility 
of a source of £.M.¥. in the living epidermic cells themselves, which are present in both lip 
and skin. We certainly admit the possibility of such a source of £.m.¥. but as far as our 
information reaches the electro-motive properties of a skin wholly clear of ‘‘ secreting 
cells” (in the ordinary sense of the term) and built of ‘‘ ordinary epidermic cells” only 
have not yet been the subject of investigation. 

The epidermic cells are common to both lip and skin, and hence if they are electro- 
motive it does not influence the conclusion, seeing that the normal action current of a 
‘mass of goblet cells + epidermic cells (lip) is outgoing, while that of a mass of club cells + 
goblet cells + epidermic cells (skin) is ingoing. 

One of us hopes to be able to publish a note upon the matter of epidermic cells shortly. 

2 Fritsch. Die Elektrischen Fische. Erste Abtheilung. Malapterarus electricus, 
p. 66, et seq. 
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Without a knowledge of the development we cannot be certain of 
the orientation of the club cells, but a study of Fritsch’s pictures 
_ would lead us to consider that the bulbous ends of the club cells must 
| | be towards the free surfaces of the plates (i.e. towards head of the fish) 
T : and the tapering ends towards the nerve fibres (i.e. towards tail of 
P If this is the orientation, our conclusions with reference to the 
direction of the action current of the club cell explain the direction of 
the discharge of Malapterurus. 
We note also that according to Gotch® the latency of the organ is 
extremely short as we found to be the case with the skin variation in 
the eel. 


{ 1 In a private communication Prof. Fritsch accepts the probability of the above view 
: of the orientation of the cells in the organ. | 
: * This Journal, Vol. vi. Proc. of Physiol. Soc. No. 4, 1885, 


January, 1894. 
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THE INFLUENCE OF MECHANICAL FACTORS ON 
LYMPH PRODUCTION. By ERNEST H. STARLING, 
M.D., M.R.C.P., Research Scholar of the Grocers’ siesta and 
Joint Lecturer on Physiology at Guy's Hospital, — 


(From the Physiological Laboratory, Guy's Hospital, 


Untit recently, the prevailing opinion of physiologists respecting the 
formation of lymph was that it was, to a large extent at any rate, a 


process of filtration, and that the lymph-flow was determined by - 


differences of pressure and composition between the blood in the vessels 
and the fluids filling the interstices of the tissues. Ludwig* in his 
Textbook speaks of the lymph-flow as being conditioned by two 
factors,—firstly differences in the pressure of the blood in the capillaries 
and the fluid in the tissue spaces giving rise to an exudation of fluid 
through the capillary walls, and secondly chemical differences between 
these two fluids setting up osmotic interchanges through the blood- 
vessel wall. This, the mechanical theory of lymph production, has 
been the guiding idea in the researches on the subject which have 
been carried out in Ludwig’s laboratory. These chiefly considered the 
effects of changes in the pressures obtaining in and outside the vessels 


on the lymph-flow. If the lymph is produced by a simple act of | 


filtration through the passive capillary walls, then the amount of lymph 
produced must rise and sink with the value of D—d, where D represents 
the blood-pressure inside the capillaries, and d the pressure of the 
lymph in the tissue spaces with which the capillaries are surrounded. 
The results of the investigation of the lymph-flow from various 
regions have however only afforded a partial confirmation of this theory. 
It is true that increased capillary pressure in consequence of venous 
obstruction (Tomsa, Emminghaus) increases the flow of lymph. 


1 The paper (p. 159) on venous pressures, by Bayliss and myself, should be read 
before this paper, since the results there obtained form the basis of the main argument 
used in the following pages. 

* Ludwig. Lehrbuch der Physiologie, Bd. u. 8, 562 (Zweite Auflage, 1861). 
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The transudation is moreover increased when the pressure in the lymph 
spaces is diminished by squeezing out the:lymph previously contained 
in them. It is only by employing this latter method that any lymph 
at all can be obtained from a dog’s limbs at rest. On the other hand 
the investigations carried out in the Leipzig laboratory failed to 


_ establish any connection between capillary pressure and lymph-flow, 


when the former was increased by changes in the arterial pressure. 
Thus Paschutin’, working on the lymph production from the whole 
fore limbs, found that the active hyperaemia caused by section of the 
brachial plexus and stimulation of the cord brought about no increase 
in the lymph-flow. 

Emminghaus’, carrying out similar experiments on the hind paw of 
dogs, failed in most experiments to get any increase in lymph-flow 
in consequence of an active hyperaemia. In only two experiments did 
he obtain a slight increase of the lymph which could be squeezed out 
of the foot, after section of the sciatic nerve. 

Later on Rogowicz* reinvestigated the question under Heiden- 
hain’s guidance, and found that an active hyperaemia did have some 


effect in increasing the lymph production in the paw. The absolute 
effect was however small in comparison with that produced by venous 
Obstruction. 


The very small effect on lymph production which is produced by 
considerable changes in the blood-flow to the capillaries, and in the 
arterial pressure, throws considerable difficulties in the way of regarding 
the process of lymph formation simply as one of filtration, and 
Paschutin himself, in acknowledging the difficulty, suggests the 
possibility of another factor, such as changes in the capillary wall itself, 


being involved. 


The existence of such a factor is shown further by the action of 


curare. It was pointed out by Paschutin and later on by Rogowicz 


that.curare appears to exert a specific influence on lymph formation in 
the limbs, quite independently of any effect it might have on the blood- 


pressure, and che latter author suggests that there may be substances, 


which have a specific action increasing the lymph-flow just as diuretics 
increase the urinary secretion. This paper was published in 1885. In 
the same year Tigerstedt and Santesson* discuss the question of 


1 Ludwig's Arbeiten, 1873, p. 95. 

2 Ludwig’s Arbeiten, 1878, p. 896. 

3 Pfliiger’s Archiv, Vol. xxxv1. p. 252. 

+ Tigerstedt und Santesson. Stockholm, 1886. 
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lymph formation in the light of the researches I have quoted, and come 
to the conclusion that transudation from the blood is brought about by 
an activity (in Folge einer activen Thatigkeit) of the cells of the 
capillaries. These authors further suggest that under many circum- 
stances the flow of lymph is regulated by nervous influences and cite 
the experiments already made in Heidenhain’s laboratory on this 


point. Thus Ostroumoff had shown that stimulation of the lingual — 
nerve gives rise to a marked oedema on the side of the tongue of which 


the nerve is stimulated, and Rogowicz describes a somewhat similar 
effect on the lips on stimulation of the Ansa Vieussenii. Heidenhain 
in fact had ascribed the “pseudomotor” effect of stimulating the 
lingual nerve after dividing the hypoglossus to the increased flow of 
lymph that was produced at the same time into the tongue, and does 


not. even regard the fact that the pseudomotor effect could be obtained 


after the death of the animal as militating against this explanation. 
Unfortunately hardly any of these researches could be regarded as 
absolutely decisive and their interpretation would depend largely on 
personal predilection. Thus the flow of lymph on stimulation of the 
lingual nerve is associated with active hyperaemia of the tongue. 
Rogowicz obtained results on the leg which also were compatible with 
the filtration hypothesis. On the other hand the enormous variations 
observed in different experiments and by different experimenters lead 
Tigerstedt and Santesson to the opposite conclusion. All these 
_ experiments however were made on parts from which there is, under 
normal circumstances, no flow of lymph while the parts are at rest, and 
the facts that, to get any lymph at all for comparative measurement, 
we have to knead or passively move the limb, and that, in most 
experiments, curare has to be administered at intervals, introduce very 
considerable sources of error into the observations.. Influenced by 
these considerations, Heidenhain some years later carried out a 
series of experiments on the lymph-flow from the thoracic duct’. In 
these he investigated : first, the effect of changes in the blood-pressure 
and mechanical interference with the circulation on the lymph-fiow ; 
and secondly, the influence of the injection of various substances into 
the blood. In his latter part of the research, he confirms and amplifies 
the suggestion which was put forward in Rogowicz’ paper, viz. that 
there exist substances which have a specific action in increasing the 
transudation from the blood-vessels, just as diuretics increase the 


1 Pfliiger’s Archiv, Vol. xix. p. 209. 
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secretion of urine by the kidney. To this class of bodies he has given 
the name of lymphagogues. From these results he comes to the 
conclusion that under normal circumstances filtration plays no part 
in the production of lymph. 

With the questions of the mode of action of lymphagogues or of 
the effect of changes in the chemical composition of the blood on the 
flow of lymph we are not here concerned. In commencing the present 
research I had two objects in view; firstly, to investigate and if 
possible explain the remarkable results obtained by Heidenhain on 
the lymph-flow after obstruction of the aorta, vena cava, or portal 
vein; and secondly, in accordance with a suggestion contained in his 
paper, to seek once more for evidence of definite lymph-secretory nerves. 

When the portal vein is ligatured, there is a large increase in the 
lymph-flow from the thoracic duct. The lymph at the same time 
becomes less concentrated and contains more and more red blood- 
corpuscles so long as the obstruction is continued. This increased 
flow Heidenhain looks upon as undoubtedly due to mechanical 
filtration. The capillary pressure is raised to a maximum, since there 
is a free access but no outlet for the blood. The resistance of the 
capillary walls no longer suffices to keep back even the red — 
corpuscles from passing through. 

If on the other hand the aorta be obstructed above the esata 
the lymph-flow in Heidenhain’s experiments underwent very little 
change in quantity (in one experiment being indeed slightly increased), 


although the arterial blood-pressure, as registered by a manometer in 


the femoral artery, had sunk almost to nothing. The lymph so pro- 
duced contained less water and more proteids than normal lymph and 
he concluded that, since here the factor causing filtration, ie. the 
blood-pressure, was absent, the lymph must have been formed by the 
capillary walls and that here we have to do with a process, not of 
filtration, but of secretion. 

More paradoxical and difficult to explain is the effect produced by 
artificially obstructing the inferior vena cava just above the diaphragm. 
This measure caused a very large increase in the flow of lymph which 
was however more concentrated than normal lymph, thus differing 
from the ordinary lymph of venous obstruction. In this case there is 
an obstruction to the flow of blood from the veins, but the obstruction 
is not complete, while the arterial supply is largely diminished. 

In one experiment of this description, after the obstruction, the 
lymph-flow from the thoracic duct rose from 3 cc. in 10 min. to 25 ce. 
in 10 min. At the same time, the percentage of solids in the lymph 
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rose from 4°8 before the obstruction to 66 after the obstruction. The 
coagulability of the lymph was at the same time affected, the lymph 
after the obstruction gradually losing more and more its coagulability. 


- Coincident with this increase in the lymph-flow, we find a marked fall 


in the arterial pressure, from 125 to.37 mm. Hg. The experiment 
I have here quoted is a typical one and can be always repeated with 
success. The question now arises as to what is the source of this 
lymph. Does it come from the liver or from the intestines or other 
abdominal organs drained by the portal vein? The organs below the — 
portal vein can be at once excluded. Heidenhain showed that 
obstruction of the vena cava, some distance below the entry ot the 
hepatic veins, was absolutely without effect on the lymph-flow.’ On 
the other hand, he pointed out that if, directly after the death of the 
animal, the abdomen was opened and some coils of the intestine pressed 
with the hand, there was an enormous rush of lymph from the cannula 
in the thoracic duct. The liver on the contrary could be strongly 
pressed without squeezing a drop out of the cannula, He therefore 
concludes that the lymph obtained on obstruction of the inferior cava 
above the diaphragm has the same source as that produced by ligature 
of the portal vein and that it is derived from the intestines &. which 
are drained by the portal vein. ~ 

What then is the reason of the dilterincs i in the composition of the 
lymph obtained under these two conditions? This was the question 
which I first sought to answer. Before however discussing this point, 


_ I will briefly describe the methods of experiment re 


Method of Eaperiment. 


My experiments were made solely on dogs (weighing from 6 kilos. up- 
wards). These received, half an hour before the operation, an injection 
of 1 to 4 grains of morphia, and were anaesthetised during the — 


ment with A. C. E. mixture. 


The thoracic duct was first prepared my a cannula shaciber to that 
recommended by Heidenhain was inserted into it. A cannula was 
then put into the central end of the left femoral artery, and connected 
with a Hiirthle manometer. At intervals during the experiment a 
record was taken of the blood-pressure by this means. Then, if aorta 
or vena cava were to be obstructed, the right iliac artery or the right 
jugular vein were dissected out and ligatured. Samples of normal 
lymph were always collected for two or three intervals of 10 minutes 
before any experimental interference was begun. In cases where the 
splanchnics or — cord were to be cut or stimulated these were 
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dissected out from the back before putting the cannula into the thoracic 
duct. The methods used in these various operations were similar to 
those described in an earlier paper’. In all cases the dogs had received 
no solid food for the 24 hours preceding the experiment. — 

The determinations of solids in lymph or blood were made in the 
usual way, by drying a weighed quantity (2 to 3 grams) of these fluids 
in a weighed porcelain crucible at 110°C. In determining the solids in 
lymph, this was always allowed to clot, and the solids estimated in the 
serum pressed out from the clot. 


eft om th of tration of 
above the diaphragm. 


In my earlier experiments I found it easy to apparently confirm 
Heidenhain’s observation as to the source of the lymph which flows 
from the thoracic duct and is obtained on obstruction of the inferior 
- vena cava. In cases where the animal had died while the cava was 
still obstructed, on opening the abdomen a large flow of lymph from the 
thoracic duct was produced by squeezing two or three coils of intestine 
in the hand. Pressure on the liver on the other hand had no effect on 
the lymph-flow and one could at most squeeze out one or two drops of 
lymph in this way. The lymph therefore seemed to come from the 
same area as that which gives rise to the lymph obtained on obstruction 
of the portal vein, and the question which required investigation was 
the particular condition or conditions causing the difference in the 
composition of lymph in the two cases. If the abdomen be opened 
before obstructing the inferior vena cava, it will be seen that the 
obstruction of this vessel is followed, not by hyperaemia, but by a 
blanching of the intestines (Heidenhain). Since the obstruction to 
the flow of blood into the heart causes a great fall of arterial blood- 
pressure, this blanching may to some extent be caused by an active 
stimulation of the splanchnic nerves through the vasomotor centre, 
which is aroused to action by the low systemic pressure. I thought 
that possibly this excitation of the splanchnic nerves might not be 
_ entirely indifferent for the process of lymph secretion, and that indeed 
here the difference in the composition of the lymph might be caused 
by the activity of lymph-secretory nerves. I therefore planned two 
sets of experiments by which I hoped by artificial means to destroy the 
differences in the effects of obstructing the portal vein and inferior cava. 


1 «Observations on venous pressures and their relationship to capillary pressures,” 
By W. M. Bayliss and E. H. Starling. This Journal, Vol. xvt. p. 159. 
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In the first set of experiments, both the splanchnics were divided 
from the back at the commencement of the experiment. Then after 
preparing the thoracic duct and femoral artery, the inferior cava was 
obstructed in two places by means of a double obturator. This was 
so arranged that the lower balloon would be just below and the upper 
balloon just above the opening of the hepatic veins. In this way, 
by making the obstruction more complete, and allowing a greater 
distension of the abdominal vessels, I thought the !ymph so obtained 
might be ordinary venous obstruction lymph, i.e, more dilute than 
normal lymph. Such however was not the case. After division of both 
splanchnic nerves, the lymph obtained even on obstruction of the vena . 
cava above and below the hepatic veins is more concentrated than the 
lymph obtained before obstruction. The sole difference in fact between 
this set of experiments and obstruction of the vein under normal 
circumstances is in the course of the arterial blood-pressure after the 
obstruction. In a normal dog the blood-pressure sinks, on obstruction 
of this vessel, to about one-third of its previous height, but remains 
fairly constant at this level for a considerable time. If however both 
splanchnics be divided, the blood-pressure sinks lower and lower during 
the whole time that the obstruction is continued, so that a dog dies 
sooner under these circumstances than when his splanchnics are intact. 


I give here protocols of two such experiments. 


EXPERIMENT 1. 


Division of splanchnics. Double obstruction of inferior cava. 
April 27, 1893. Retriever about 20 kilos. Both splanchnics divided. 


c.c.in | Total 
Time Lymph | 10 min. | Solids p.c. Remarks 


12.40’—-50’ 38c.cm. | 3:8 5°8 Lymph whitish. 
. From 52’—55’ double ob- 
turator introduced and 
both balloons distended. 
55’—58’ 10 c.cm. 33 6°6 


12.58’—1.8'.40" | 62ccm. | 58 77 Lymph transparent and 


| almost colourless. 
8'.40"—15'.40" | 3l‘5ccm. | 33 
15'.40”—19' 10 ccm, | 30 78 Lymph slightly reddish. 
19’—23'.20” 10 ccm. | 23 More opaque. 
23'.20"—28'.20” Sccm.| 16 777 =| At 1.25 B.P. almost no- 
thing. Obstruction re- 
Heved at 1°28}. 
29'—42’ 10ccm.| 7 | Dogpulseless. Diedat 1.40. 


Wea 
i 
x 
VR 
t 
x 
| 
5 
Ng 
} 
zs 
“a 
> 
4 
2 
Ry” 
4 
t 
3 
| 
* 
a 
4 
¥ 
» 


FORMATION OF LYMPH. 231 


P.M. Found that upper balloon of obturator was just above hepatic 
veins and the lower just above renal veins. Rt. splanchnic only half cut 
through. Left great splanchnic divided. sueaaes splanchnics on both sides 


. intact. Clot in rt. heart. 


All specimens of lymph clotted by 2 p.m. 


EXPERIMENT 2. 
Splanchnics divided. Obstruction of inf. vena cava. ) 
May 1, 1893. Dog about 7 kilos. Splanchnics on both sides divided. 

Left fem. art. to H. manometer. 


¢.¢. in Solids in 


10 min. Time Lymph : lymph p.c. 
‘3 -12.0—12.15 = 2 c.cm. (with pressure on abdomen). Opales- 
cent, yellowish 
At 12.23 obturator introduced and both balloons distended. 
65 20’—30' = 6:5 c.cm. Reddish towards end 
At 12.30 both balloons emptied, obturator left in place. 
9 30’—35’ = 4°5 c.cm. (with slight pressure) 6°6 


7 35’—40’' = 3°5 c.cm. with slight pressure, rather bloody. 
At 42’ both balloons distended again. 


75 40’—50’ = 7°5 c.cm. 6°6 
| (Intestines very congested and venous. ) 
11 50’—55' = 55cm. 
Water let out of both balloons at 55’. 
565 12.55—1.5 = 5°5 


7 16—1.10 = 3°5 ccm. 
At 1.11 upper balloon distended. B. P. bow 


as before. | 
75 1.12—1.22 (Dog dying) 6°3 
8 22'—32' =8c.cm. (Dog dead) 66 


P.M. Found upper balloon on level with hepatic veins, occluding them 
completely. Lower balloon below renal veins. Intestines and stomach very 
congested. Both splanchnics completely divided. A little fluid in serous 
cavities. Retroperitoneal glands and ant. mediastinal glands swollen and 
oedematous. 


All specimens of lymph clotted by end of —- 


It will be seen that, in the first of these, the obstruction gave rise to 
an enormous flow of lymph, while the solids in the lymph rose from 
5°8°/, to 7°8°/, In Exp. 2, in which the division of the splanchnics 
was more complete, the lymph was increased only moderately by the 
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obstruction, but here again the solids rose from 5°4°/, to 6°8°/, In 
repeating these experiments, one may, as I did at first, fall into error, 
either in consequence of the obturator being placed too low or of some 
’ injury to a large lymphatic trunk in dissecting out the splanchnic nerves. 
In two of my earlier experiments I injured a large lymphatic in dis- 
secting out the left splanchnic nerve, or included it in the ligature and 
so obtained no increase of lymph on obstruction of the cava. I may 
mention too that section of the vagi was without influence on the 
effects of this obstruction, so that I concluded that a specific nerve- 
influence was not concerned in this increased production of lymph. 

This conclusion was borne out by a second set of experiments in 
which I combined obstruction of the portal vein with stimulation of the 
splanchnic nerves, both with cord intact and cord divided. I need only 
quote one of these experiments. 


EXPERIMENT 3. 


Obstruction of portal vein, Stimulation of splanchnics. 

May 5, 1893. Dog about 8 or 9 kilos. Cannula in thoracic duct. Both 
splanchnics on electrodes. vein &c. (in transverse on “ Liga- 
turstab.” 


c.c, in | Solids in 
10 min. Time Lymph | lymph p.c. 
18 11.55—12.10 = 2-8 c.cm. (with pressure) very bloody 6-4 
2°7 12.10—25’ = 4 c.cm. (not quite so bloody) — | 6-2 

(From 12.12—25’ splanchnics excited. R. A, 10, 9, 8.) 
Both vagi cut at 12.20. 
3 25'—-30' = 1°5 c.cm. 
7 30’'—40'=7ecm 


(From 12.31—45’ splanchnics excited. R. A," 7, and portal 
ligature pulled tight at 12.31. Two intermissions of 45" 
in the excitation during this 10 mins.) | | 

6°5 40’—50’ = 6°5 

(At 42’ portal vein released.) 
At 45’ excitation of splanchnics stopped. 

5 50’—60' = 5 c.cm. 

5:3 1,0—1.15 = 8 o,cm. | 58 
From 1.0—1.5, portal vein obstructed. — | 
From 1.0—1.16 splanchnics stimulated (R. A. 1) with 6 

intermissions of half-a-minute. 


P.M. Intestines very congested. 
1 Here, and in other experiments, R. A. stands for distance of secondary from primary 
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FORMATION OF. LYMPH. 
It will be seen that obstruction of the portal vein bad its usual 


_ effect, Le. an increased flow of lymph containing a smaller proportion of 


svlids than the normal; the solids in this experiment fell from .6°4°/, to 
5°3°/,, and stimulation of the splanchnics seemed to have no effect on 
the appearance or composition of the lymph. 

As I had already learnt that tissue-fibrinogens might act as lympha- 
gogues, it seemed possible that perhaps obscure changes in the 
fibrinogens of the blood which was dammed up in the liver and 
intestines, might. be responsible for the increased flow of concentrated 
lymph. This idea however had to be discarded when it was found that 
total defibrination of the blood did not disturb in the slightest degree 
the results of the obstruction of the inferior cava. A dog was bled 
until no more blood could be obtained and the blood defibrinated and 
reinjected slowly into the jugular vein. This procedure was repeated 
5 or 6 times.- After the 5th time, the blood was absolutely un-~ 
coagulable’ ; care must be taken in this experiment to keep the blood 
warm during defibrination, in order not to chill the animal on reinjecting 
it. In a dog whose blood has thus been defibrinated, obstruction of 
the cava above the diaphragm gives rise to increase in the lymph-flow, 
and the lymph thus obtained is more concentrated than before the 
obstruction. 

Several other hypotheses ied equally futile when put to the test 
of experiment. Almost in despair I thought of applying a further 


test to Heidenhain’s view as to the source of the lymph obtained 


under these circumstances. I had noticed that, after death from 
obstruction of the inferior vena cava, the lymphatics in the hilus of. the 
liver were very distended, and it seemed possible that perhaps after all 
the liver was responsible for the increased flow of concentrated lymph, 
and that I had during these months been struggling with a chimera. 
The researches of v. Fleischl, Asp and Budge have shown that 


1 This procedure has practically no effect on the lymph-fiow, the amount of lymph ; 


- obtained in 10 minutes after the blood has been defibrinated being the same as at the 


commencement of the experiment. Thus in one experiment the amounts were 
Before defibrination 1-5 c.c. in 10 mins. 
After defibrination 2 ¢.c. in 10 mins. 
In another experiment they were = 
Before defibrination 7 c.c. in 10 mins. 
After defibrination 9 c.c. in-10 mins. 
The only effect of the defibrination is that the gradual diminution of the lymph-flow, 
which ordinarily takes plave in the course of an experiment, seems to be checked. 
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the lymphatics of the liver take various courses, some accompanying the 
hepatic vein and others joining the subperitoneal and diaphragmatic 
plexuses. The largest of them however leave the liver at the portal 
fissure, and I thought that by ligature of these one might reduce the 
effects of obstruction of the cava to a minimum, supposing that the 


liver was really the source of the lymph. ~On trying the experiment 


I found to my surprise that obstruction of the inferior cava was 
absolutely without effect on the lymph-flow, if one had previously 
ligatured the portal lymphatics. I repeated this experiment many 
times but always with the same results, and was finally persuaded that 
the whole increase of lymph obtained on obstruction of the 


inferior cava above the diaphragm is derived from the liver. 


Since this point is extremely important, I give protocols of four 
experiments in which the portal lymphatics were ligatured. In the 
first experiment a ligature was put loosely round all the structures 
in the portal fissure (lymphatics, hepatic artery and biliary duct) with 
the exception of the portal vein. Then after a cannula had been 
placed in the thoracic duct, the inferior cava was obstructed above the 
liver in the usual way. There was at once an increase in the amount 
of lymph from 2 c.cm. to 10 c.cm. in the 10 minutes, and the solids at 
the same time rose from 6°46°/, to 7:102°/,. The ligature in the portal 
fissure was now pulled tight, and at once the lymph-flow fell to 4 c.cm. 
and then to 3 c.cm. in the 10 minutes, the proportion of solids falling 


at the same time to 6°81°/, The obturator was then withdrawn... 


A second obstruction some time later was without effect on the lymph- 
‘flow. | 


EXPERIMENT 4, 


Obstruction of inferior cava. Ligature of liver lymphatics. 


May 8, 1893. Dog about 10 kilos. Ligature loosely round structures 
in portal fissure, excluding portal vein. 


c.c. in | 
10 min. Time Lymph | Solids p.c. 
27 11.45—12.0 = 4 c.cm. opalescent, colourless, Clotsdirectly 6°46 


Blood sample (1) at 11.50. The serum contains 7:33 
4 12,.0—12.5 = 2 c.cm. 


Ad 12.6 obturator introduced and distended in I. 


At 12.12 obturator released, and moved one inch higher and 
redistended. . 


Blood pressure sank immediately. 
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 12.15—25’ = 8 c.cm. 6°96 
10 25’—35’ = 10 c.em. 7102 
Blood sample (2) taken at 12.34. Serum contains 7:02 
At 12.36 ligature in portal fissure tied. — lymphatics 
thus obstructed.) 
4 12.35—50’ = 6¢.cm. Clearer 
3 50’—1.0 = 3 ccm. | 6°81 
| At 1.1, water let out of obturator. 
Blood sample (3) at 1.8. The serum contains 715 
Blood sample (4) at 1.14. The serum contains 7:12 
2 1.0—1.15 = 3°5 c.cm. 6°59 


At 1.16, obturator introduced again and distended. 
17 = 2°5 c.cm. 
2 30’'—40’ = 2 c.cm., slightly reddened 6°40 


Dog then killed. P.M. Obturator found just above liver, and occluding 

hepatic veins, Lymphatics in portal fissure enormously distended, and some 

extravasation of lymph. Lymphatics of intestine not distended, and no lymph 

obtained on squeezing them. | 

_ Blood samples (1) and (2) clotted soon: (3) and (4) however clotted 
slowly and were only imperfectly clotted 2 hours later, when they were 

centrifuged and the serum obtained for estimating solids. 


EXPERIMENT 5. 


Obstruction of inferior cava. Ligature of liver lymphatics, i 
May 10, 1893. Dog about 10 kilos. Cannula in thoracic duct at 11 a.m. 
_ Duct very small. No flow of lymph (even on pressure) between 11 and 12. 
Ligature loosely round structures in portal fissure, excluding portal vein. At 
11.55, inferior vena cava obstructed above diaphragm. 
10 min. Time Lymph 
9  12.0—12.10 = 9 c.cm. (a little reddish 
At 12.6 water let out of obturator. 
46  12,10—20' = 4-6 c.cm. 
At 12.20 obturator blown up again. 
6 20’—25' = 3 c.cm. 
At 12.25 ligature in portal fissure pulled — 
25’'—30’ = 1 c.cm. 
30'—40’ = 2 c.cm. 
Water let out of obturator at 40’. 
2 40’—50' = 2 c.cm. 
killed. 
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P.M. Lymphatics of liver very distended. The ligature in the portal 
fissure was then loosened, and afterwards first the intestines and then the 
liver were squeezed. 

6 c.cm. of lymph obtained on squeezing intestines contained 4°5 per cent. 
solids, 
6 ccm. of lymph obtained on squeezing liver contained 6-0 per cent. 
solids. | 
The latter was more transparent than the Tym obtained from the duct 
PY intestines. 


This experiment is essentially similar to iesbtiet 4. At the end 
of the experiment however I thought of testing the relative com- 
positions of liver and intestizial lymph, and found, as is shown above, 
that the liver lymph was much richer in solids than the intestinal lymph. 


EXPERIMENT 6. 
"Obstruction of inferior cava, and liver lymphatics, 


May 12, 1893. Dog about 8 kilos, Structures in portal fissure (excluding 
portal vein) sae with slip-knot at 11.5. 


in 
10 min. Time Lymph 


10.55—11.10 = 2 
1:2 11.10 —25’ = 1°8 c.cm. 
Between 25’ and 30’, introduced obturator and distended it ies 


diaphragm. 
11,80—40' = 2 ccm. 
12 . 40'—50' = 1-2 ccm. 


At 11.50 ligature in portal fissure released. 
15 11,50—12.0 = 1°5 c.cm. 
Dog killed. 
At P.M. some bloody fluid in peritoneal cavity. 
Lymphatics of intestine not distended. _ 
Some of the liver lymphatics distended. Others were ruptured. 


In this experiment the ligature round the portal lymphatics was 
tightened before the vein was obstructed, and we find that in this case 
the obstruction was absolutely without effect. I had hoped to be able 
to ligature and release the lymphatics at will. This however proved 
impossible. The delicate lymphatics were too torn and crushed by the 
ligature to allow of a restoration of their perviousness. Op. Exp. 10. 
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EXPERIMENT 7. 


Obstruction of inferior cava and liver lymphatics. 

May 22, 1893. Young dog about 10 or 12 kilos. Cannula in thoracic 
duct. Left femoral art. to Hirthle manometer. Rt. jugular vein prepared for 
obturator. | 


in | Solids p.c. in 
10 min, Time Lymph lymph serum 
11.10—11.30 = 5 c.cm. Colourles, 
3 30’—45’ = 4:5 c.cm. 4:30 
(eolourless) 


From 35’ to 45’ portal vein dissected out, and the other 
structures in the transverse fissure ligatured. Abdomen 


then closed. | 
2:2 11.50—60’ = 2-2 c.cm., whitish 4-95 
7 (serum colourless) 
At 12.5 obturator introduced into vein, i distended at 
7 12.7. 
2 12.5—15' = 2 c.cm., slightly aad 
9 rather clearer 5-03 
(serum light yellow) 
At 12.30, water let out of obturator. , 
4°8 30’—40’ = 4°8 c:cm., more bloody - 5:39 
(reddish yellow) 
40'—50’ = 4:2 c.cm., not so bloody 5:38 
| At 12.50 obturator reintroduced and distended at 12.53. 
4 12.50—1.0 = 4 c.cm. 5-09 
(serum yellow) 
4°5 = c.cm. 
cleat) 


Dog killed by bleeding ae femoral. Lymphaties of liver very distended. 
Obturator just above liver. Intestines anaemic. All specimens of lymph 
clotted normally. 


3 This experiment is quoted to show that the operation of dissecting 
out the portal vein and ligaturing the structures in the portal fissure 
(including lymphatics) has very little effect on the normal flow of 
lymph. Its effect is only noticed when the inferior cava is obstructed. 
It has been raised as a possible objection to the above results, that, 
in’ ligaturing or dissecting out the portal lymphatics, I may have 
obstructed or torn some large lymphatic from. the intestines, and thus 
got no effect from obstruction of the inferior cava, . I think however the 
details of the experiments given above would sufficiently dispose of this 
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objection. Moreover in some cases I have inadvertently occluded or 
partially occluded the portal vein in tightening the ligature round the 
lymphatics, and have then invariably got an increased flow of bloody 
lymph with lessened percentage of solids, showing that the way from 
the intestinal lymphatics was still patent after ligature of the portal 
lymphatics. 

~The converse experiment, namely the occlusion of the lymphatics 
from the intestines &c., I could not carry out. A total extirpation 
of the organs drained by the portal vein was also impossible, since one 
would in this way cut off the chief blood-supply from the liver, and also 
divide the lymphatics running from the liver. I thought however 
my conclusion would be strengthened if it was found that extirpation 
of the greater part of the intestine had no influence on the effects 
of obstructing the inferior cava. In the following experiment it will be 
seen that extirpation of 6} feet of small intestine had in fact no effect 
in diminishing the lymph-flow obtained under these circumstances. It 


will be observed too that by pressure on the liver at the end of the 


experiment it was not possible to drive out any lymph by the thoracic 
duct. 
EXPERIMENT 8. 


Extirpation of Intestine. Obstruction of inferior vena cava. 
May 29, 1893. Dog about 12 kilos. Oannula in thoracic duct. Left 
art, to H. manometer. 


: Solids p.c. in 
10 Time Lymph lymph serum 
5  2.35—50’ = 7°5 c.cm., reddish 6:06 


Between 2.50 and 3. 5 whole of small intestine (except duo- 
denum) excised. The excised piece was 6} feet long. 
47 250—3.5=7 ccm. 
4:2 3.5—3.12 = 3 c.cm. (with pressure) 6°52 
41 12’—18’ = 2.5 e.cm. 
Between 12' and 18’ obturator introduced into inferior 


cava and distended. 

5 (Obturator too low. No effect. on 

At 3.22 both vagi divided. _ 
_ At 3:25 obturator moved 1 inch higher and redistended. 
22 25’—30' = 11 c.cm. (B. P. very low) 6-93 
20 30’—35’ = 10 c.cm. 
128 35'—40 =64 ccm. 7:35. 


At 3.40 water let out of balloon. 
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6 40’—50’ = 6 c.cm. | 
4 50'—-60’ = 4 6°48 


At 4 p.m. obturator introduced again and Uadenstod. 
14 40—4.7 = 10 c.cm., more bloody 703 


12°77 4.7—4.15 = 10-2 ccm. 
10 15’—25’ = 10 c.cm. 


P.M. Found I had left in abdomen the stomach and one foot of 
duodenum and one foot of large intestine. Liver extremely congested. On 
squeezing hardly a drop of lymph came out of the cannula. 

All specimens of lymph serum quite clear and light yellow. 


It might be thought that the effect of ligaturing the structures in 
the portal fissure might be really due to ligature not of the lymphatics 
but of the hepatic artery. That this objection is groundless, is shown 
by the following experiment, in which the hepatic artery was ligatured 
by itself but without any effect on the lymph-flow under any cir- 
cumstances, | 


EXPERIMENT 9. 


_ Ligature of hepatic artery. Subsequent obstruction of inferior cava. 
June 16, 1893. Dog about 9 kilos. Cannula i in thoracic duct. Left fem. 
artery to H. manometer. 


¢.c, in 3 Solids in 


10min. Time Lymph lymph p.c. 
7  2.50—3.0 = 7 c.cm., reddish yellow, cloudy 6-93 


4:4 3,0—3.15 = 6°6 c.cm., reddish 
Between 3.0 and 3. 10 abdomen opened and hepatic artery 
ligatured. 
26 3.15-—30' = 4 c.cm., less bloody towards end. 
34 No blood. Yellowish. Almost 


clear 7:10 
At 3.55 obstructed vena cava above liver. 
14 3,55—4.2 = 10 c.cm., clear, slightly reddish 7:00 
16 4.24.8 = 10 c.cm., yellowish, clear 714 
At 49 water let out and obturator withdrawn. 
14 4.8—4,15 = 10 c.cm., slightly more cloudy 6°61 
15’—25’ = 6 c.cm., reddish «661 


6 25’—40’ = 9 c.cm., bloody. 
Dog then killed by bleeding. Blood clotted normally. 


At P.M. found — artery — Everything else normal. All 
lymphs clotted. 
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How then is it that although the whole increase of lymph-flow 
produced by obstruction of the inferior cava above the liver, comes — 
from the liver, yet pressure on this organ fails to drive a drop of | 
lymph out of the cannula in the thoracic duct, whereas a mighty flow 

is produced by squeezing some coils of intestine ? 

To throw light on this point I performed the following experiment. : | 
It is ‘well known that a solution of indigo-carmine injected under 
pressure into the biliary ducts, quickly enters the lymphatics of the liver. 
I therefore put a cannula in the thoracic duct of a dog, and then 
killed him by bleeding. Some minutes later, the abdomen was opened 
and a cannula tied into the bile duct. This cannula was connected 
with a burette containing a half per cent. solution of indigo-carmine in 
normal saline solution. On connecting the top of the cannula with a 
syringe the fluid could be made to flow slowly into the bile duct. 
After a short time blue lymph began to drop from the cannula in the 
thoracic duct. 

The injection was then stopped, and it was found that a large flow 
of blue lymph could be caused by squeezing the intestines, whereas 
pressure on the liver was practically without effect. 

On examining the abdominal organs it was found that the portal 
lymphatics were distended with blue lymph, which also filled large 
lymphatic trunks in the mesentery of the duodenum. The small 
intestines themselves were not stained. On repeating the experiment 
again it was discovered that careful squeezing of a single coil of 
intestine had no effect on the lymph-flow. Before, in squeezing several 
coils, 1 had dragged or pressed on the lymphatics in the upper part of 
the mesentery and probably also in the cisterna and had so caused the 
rapid flow of lymph. . 

And exactly the same thing holds good for the lymph produced by 
obstruction of the inferior cava. If care be taken to limit the pressure 
to a single soil of intestine, so as not to drag or press on the large 
lymphatics which are in direct connection with the portal lymphatics, 

_ we obtain no increased flow of lymph from the thoracic duci. 

The lymphatics in the liver seem to be protected by their solid 
framework from the effects of any pressure that may be applied to the 
liver, and hence has arisen the fallacy of ascribing the lymph produced 
by obstruction of the anid cava to the intestines instead of to the 
liver. 

If further proof were needed it is afforded by the following experi- 
ment, in which, during obstruction of the cava, the porta! vein and 
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lymphatics were alternately compressed and released. It will be seen 
that with portal vein and lymphatics open the lymph ‘is increased 
and more concentrated, with these vessels closed it at once becomes 
diminished and more dilute, although in the latter case the. venous 
congestion in the intestinal area is much greater than in the former 
case. The lymphatics in this case were not dissected free from the - 
portal vein, and hence are not destroyed or injured by the direct 
pressure or contact of the ligature. 


EXPERIMENT 10. 


Obstruction of portal vein and inferior cava. 
- June 2, 1893. Dog about 10 kilos. Ligature on “ Ligaturstab” loosely 
round structures in small omentum (portal vein &c.). 


¢.c. in Solids in lymph 
10 min. Time Lymph | serum p.c. 
2 12.15—25’ = 2 c.cm., clear, almost colourless 5°61 


Between 25’ and 28’ obturator introduced into inferior 
cava and blown up. At 30’, portal ligature pulled tight. 


3 12.30—40' = 3 c.cm., slightly red towards end 5°82 
At 40’ portal — released and water let out of ob- 
turator. 

9 40’—50’ = 9 c.cm., reddish 6°15 
5°2 50’—60’ = 5:2 c.cm., less red. 

4 1.0—1.5 = 2¢.cm., not red 6°09 
| At 1.5 vena cava and portal vein &c. again obstructed. 3 
32 1.5—15’ = 3:2 c.cm., slightly red towards end oT) 

5 15’—25’ = 5 c.cm., very bloody «635 


_ At 25’ portal ligature released. 
20. j|$-25'—30' = 10 c.cm., very red. 
22 30’—35' = 12 c.cm. 
20 35'—40’ = 10 c.cm. | 
40’ 45’ = 8°5 6-74 
At 45’ portal ligature pulled tight. 
4°2 45’—52’ = 3 c.cm., very bloody. 
At 52’ portal ligature released. 
136 52’—59’ = 9°5 c.cm. 


I have proved that the increase of the lymph observed after 
obstruction of the vena cava above the diaphragm is entirely derived 
from the liver. We have now to enquire, why is the lymph produced 
in the liver increased under these ciroumstances, and why is it more 
concentrated than ordinary er ? 
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In the first place there is no doubt that extreme venous congestion — | 
of the liver is produced by obstruction of the inferior cava above the : 
diaphragm. If the dog be allowed to die while the cava is still 
obstructed, the liver will be found to be swollen, hard and hyperaemic. 

_ And if the pressures in the portal vein and inferior cava be measured — 
it will be found that the obstruction causes a large rise of pressure in | : 
both vessels. There is therefore, as has been already shown, a large 
rise of intracapillary pressure in the liver (cp. Exp. 2*). In Exp. 2* 
the pressure in the portal vein rose from 90 to 240 mm. MgSO, 
solution and that in the iliac vein from 51 to 240, on obstruction 
of the inferior cava. At the same time the equalisation of the pres- 
sures in the portal vein and cava shews that the velocity of blood 
through the liver is largely diminished. We can therefore ascribe the 
increased flow of lymph from the liver only to the rise of pressure in the 
capillaries of this organ. 

This conclusion is confirmed by the fact that the amount of lymph 
produced is proportional to the intracapillary pressure. If, while the 
vena cava is obstructed, the aorta be also obstructed, there is at once a 
diminution of the lymph-flow. This is shown in the following experi- 
ment. 


EXPERIMENT 11. 
Obstruction of inferior vena cava and thoracic aorta. 
June 7, 1893. Dog about 10 kilos. Cannula in thoracic duct. Left 
fem, art. to H. manometer. Rt. iliac artery and extl. jugular vein prepared 
for obturators. 


c.c, in Solids in 
10 min. Time Lymph lymph p.c. 


2°25 3.20—30' = 2°25 c.cm. | 5:30 
Between 30’ and 40’, both obturators introduced. | 
At 40’ obturator in vena cava distended above = 


12 40’—50’ = 6 c.cm. (i.e. 12 in 10 mins.) 6-00 
_ At 45’ aorta obstructed. 
8:2 45'—55' = 8:2 c.cm. (in 10 mins.) 6°85. 
At 55’ aorta released. | 
16 55’'—60' = 8 c.cm. (= 16 in 10 mins.) 6°87 


At 60’ water let out of vein obturator. 
6 4.0—4,10 = 6 c.cm. 
Dog died about 4.6. 
1 Experiments distinguished by an asterisk (2*) allude to those given in the preceding 


paper. ‘Observations on Venous Pressures, &.” By W. M. Bayliss and E. H. 
Starling. 
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It will be seen that during the first 5 minutes after obstruction of 
the inferior cava 6 c.cm. of lymph are obtained, ie. at the rate of 
12 ccm. in 10 mins. Under ordinary circumstances we should expect 
to obtain more lymph in the second 5 mins. than in the first 5 mins. 
after obstruction of the cava. In this experiment however the aorta 
was obstructed, and the lymph fell instead of rising, so that only 
82 c.cm. were obtained in 10 mins. The aortic obstruction was then 
removed and at once the lymph-flow was increased so that 8 c.cm. were 
obtained in the next 5 minutes (at the rate of 16 c.cm. in 10 minutes). 
During the obstruction of the aorta, the engorged veins have an 
opportunity to empty themselves of their contained blood, the pressure 
in the liver capillaries falls, and with it falls also the amount of lymph 
produced. | 
_ here is thus, in the liver at any rate, a direct proportionality 
between the intracapillary pressure and the formation of lymph. We 
have now to enquire how far this proportionality between blood- 
pressure and lymph-production is borne out by other experimental 
modifications of the circulation in the abdominal organs. 


Obstruction of the Thoracic Aorta. 


Heidenhain showed that, after obstruction of the thoracic aorta, 
the lymph-flow from the thoracic duct was generally diminished to 
some extent, but the diminution was in no way proportional to the 
reduction of arterial blood-pressure produced by the obstruction. The 
lymph-flow might continue from one to two hours after the aorta had 
been obstructed. In two experiments indeed he obtained a transitory 

increase in the amount of lymph after obstruction of the aorta. This 
absence of proportionality between the arterial pressure and the 
amount of lymph obtained leads Heidenhain to the conclusion that 
the lymph-production is not a function of the intracapillary pressure, 
but involves a secretory activity of the endothelial cells. He is further 
strengthened in this conclusion by the fact that, under these circum- 
stances, the lymph changes in quality, presenting a whitish appearance 
and containing a larger percentage of solids. 

In the preceding paper we have shown that we are not warranted 
in assuming that the pressure in the capillaries of the abdominal organs 
_is necessarily proportional to, or is even altered in the same direction 
as, the arterial blood-pressure. Before coming to any conclusion as 
to the interpretation of the results produced on the lymph by obstruc- 
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tion of the aorta, we must first investigate more nearly the condition of 
the circulation in the abdominal organs. 

In my experiments I have found that obstruction of the thoracic 
aorta produces a diminution in the amount of lymph, the amount 
obtained after the obstruction varying from one-third to two-thirds of 
the normal quantity. I have not yet met with a case in which 
obstruction of the aorta produced even a temporary increase in the 
lymph-flow. On the other hand, the amount of solids in the lymph 
has been always increased. The question now arises: What organs 
form the source of the lymph so obtained and how is the intracapillary 
pressure in these organs affected by the obstruction of the aorta? On 
investigating the latter point, it is found that obstruction of the aorta 
causes a large fall of pressure in the arteries below the point of 
obstruction, a moderate fall in the portal vein and no fall at all or a 
slight rise in the vena cava (cp. Exp. 7*). There is therefore a 
large fall of pressure in the capillaries of the area which is drained by 
the portal vein, whereas in the liver the pressure may be unaltered or 
even slightly raised. If then lymph-production is determined by 
intracapillary pressure, the lymph obtained after obstruction of the 
aorta must arise entirely or nearly entirely in the liver. In the 
following experiment, I therefore, after obstructing the thoracic aorta, 
ligatured the lymphatics in the portal fissure. It will be seen that, by 
this means, the flow of lymph from the thoracic duct was abolished, 
showing that no lymph was being produced in the intestines. That 
the intestinal lymphatics were still patent is shown by the fact that, on 
relieving the obstruction of the aorta, an increased flow of von was 
at once obtained. 


EXPERIMENT 12. 


Obstruction of thoracic aorta before and after ligature of liver lymphatics. 
June 27, 1893. Dog about 10 kilos. Cannula in thoracic duct. 
¢.c. in | 
10 min. Time Lymph Mg Solids p.c. 
 =12.0—12.10 = 3 c.cm., transparent 618 
3°6 10'—40' = 11 c.cm. (some lost), yellow. 
(Between 12.10 and 40’ a ligature put loosely round liver 
lymphatics in portal fissure, and aortic obturator intro- 
duced through rt. iliac artery. Fem. art. connected with 
H. manometer. 
26  12.40—50' = 2°6 c.cm., transparent, yellow 6°74 
At 51’ aortic obturator distended. | 
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50’—60' = 1:4 ccm. 
1.0—1.25 = 4°6 c.cm. 


At 1.26 a little more fluid injected into obturator. 


2 


3°8 
4°4 


 :25'—35' = about 2 c.cm. (some spilt) 
Aortic balloon burst at 1.35. Taken out. 
35’—45' = 3°8 c.cm., rather bloody 
45'—50' = 


| Between 45’ and 50’ obturator ‘ntieduced, and distended at 


50’. 
1.50—2.0 = 3 c.cm., slightly reddish. 
.0O—10’ = 1 c.cm., almost colourless. 
10'—20’ = 38 c.cm, (a small clot removed from cannula) 
At 2.20 portal lymphatics ligatured. 


2.20—30’ = 18 c.cm. (with strong pressure on abdomen; 


without pressure no lymph-flow at all 
30’—60' = 1 c.cm. (with strong pressure) 
At 3.0 water let out and aortic obturator removed. 
3.0—3.10 = 2 c.cm. 
10’—45’ = 10 c.cm., very bloody 


So, after obstruction of the aorta, as after obstruction of the inferior - 
cava, the chief lymph-flow is derived from the liver, or the lymph so 
obtained is more concentrated than the normal mixed yer obtained 


before the obstruction. 
The influence of the pressure in the abdominal capillaries on the 


6°98 


6°52 


6°43 


6-29 
6°27 


6°54 


flow of lymph is further illustrated by the following experiment, in 


which the thoracic aorta was first obstructed and 30 mins. later the ~ 
inferior vena cava was obstructed above the diaphragm. The lymph, 
which was much diminished in consequence of the aortic obstruction, 


became gradually fuller. 


EXPERIMENT 138. 


Obstruction of aorta and, later on, of vena cava. 
July 31, 1893. Dog about 10 kilos. (Rather cold.) 


in 
10 min. Time Lymph 


1-2 


0°6 


2.55—3.5 = 1 ¢.cm., clear, colourless. — 
3.5—15' = c.cm. 

At 3°16 aorta obstructed above Riki 

3.15—25’ = 0°6 c.cm. 


‘rose again gradually after the obstruction of the cava, as the vessels 


‘ 
4 
4 
18 
0°3 
9 
2°8 
e 
t 
: 3 
4 
a 
wey 
WG 
La 
4 


246 | B. H. STARLING. 


2drops 25’—40' = 3 drops. 
From 40’ to 45’ introduced obturator into inf. vena cava, and dis- 
tended it above diaphragm, 
0:26  46’—60' = ccm. 
1:1 4.0—4,20 = 2°2 c.cm. 


At 4.20 aorta released. 3 , 
7 4,20—30' = 7 c.cm., bloody at whitish towards end. 
9 30'—40' = 9 c.cm., clear, red. | | 
At 4.40 water let out of vein obturator. 
8:1 40'—45' = 4 c.cm., less red. : 
4°5 45'—55’ = c.cm., almost colourless. 
34 4,55—5.5 = 3-4 c.cm., colourless, transparent. 


The course of the pressure-curves in the vessels of the abdominal 
organs is given in Exp. 7*, where it will be seen that the pressures in 
the portal vein and vena cava rise steadily for some time after the 
obstruction of the cava. Now in this experiment, the only thing which 
can account for the increased lymph-flow is the rise of intracapillary 
pressure in the liver and perhaps, to a slight extent, in the intestines. 
The circulation is practically at a standstill, and the velocity of the 
flow of blood through the abdominal organs is nothing at all, as shown 
by the fact that the pressures in the splenic and iliac veins are the same. 


Obstruction of portal vein. 

When the portal vein is ligatured (and in this case it is immaterial 
whether it be ligatured alone or together with all the other structures 
in the portal fissure), the lymph-flow from the thoracic duct is increased 
and the lymph at the same time becomes more watery. As we have 
already pointed out, this obstruction causes an enormous rise of 
pressure in the portal vein and in the capillaries of the intestines, &c., 
so that haemorrhage per diapedesim takes place and the lymph contains 
a number of red blood-corpuscles ', 


Obstruction of the renal veins. | 
Ligature of both renal veins, or obstruction of the inferior vena cava 


just above the renal veins, gives rise, under normal circumstances, to a 
moderate increase in the lymph-flow from the thoracic duct. The 


_ 1 If the obstruction be only partial, an increased flow of lymph is obtained, which may 
be perfectly colourless and free from red corpuscles, Venous congestion does not neces- 
sarily give rise to diapedesis of red corpuscles, unless the rise of pressure so induced is 
very great, 
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lymph may, at the same time, become bloody, in consequence of the 
haemorrhages in the substance of the kidney which are thus produced. 
The following experiment shows the effect on the lymph-flow and com- 
position of obstructing first the renal veins and later on the portal vein. — 


EXPERIMENT 14. 


Ligature of renal veins, and then of portal vein, 
Oct. 17, 1892. Dog about 8 kilos. Ligatures loosely round both renal 
veins. Oannula in thoracic duct. 


6 1.0—1.10= 6 c.cm., opalescent, 
32 10'—30' = 6°5 c.cm. 5-2 


25  30’—40’ = 2°5 ccm. 
25  40’—50’ = 2°5 c.cm. 
At 1.52 both renal veins tied. 
4 1.55—2.5 = 4 c.cm., redder. 
4 2.5—15' = 4c.cm. 


45  15’—26’ = 4°5 c.cm. 49 
At 2.25 portal vein, hepatic art. etc. ligatured in portal 
12 3.30—40’ = 12 c.cm. 4°7 


12 40’—55’ = 18 c.cm. 
| 8 55’—3.5 = 8 c.cm. 


The effects of the obstruction of the cava above the renal veins are 
much intensified if both splanchnic nerves be previously divided. 
Thus in one experiment, after both splanchnics had been divided, 
2:2 c.cm. of lymph were obtained in 10 mins. from the thoracic duct. 
The serum of this contained 5°86°/, of solids. The vena cava was then 
obstructed just below the hepatic veins. In the next 10 mins, the 
amount of lymph rose to 1l ccm. It was bloody and the serum only 
- contained 5°34°/, solids. This effect of section of the vasomotors is 
similar to that obtained by Emminghaus and by Cohnheim on the 
hind limb of the dog. 

We thus see that in all these mechanical interferences with the 
circulation an increased flow of lymph is conditioned simply and solely 
by increased capillary pressure. There is one question however, that I 
have not yet touched upon, and which is of considerable importance. 
I mean the varying composition of the lymph obtained under these 
different conditions and especially the fact that, from the liver, we 
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obtained on venous or aortic obstruction, a lymph more concentrated 
than the lymph normally obtained from the thoracic duct. 

Under all the conditions in which we can obtain a liver-lymph free 
from intestinal lymph, we find that the former is more concentrated 
than normal mixed lymph. This is well illustrated by Exp. 5, in 
which the liver-lymph contained 6°/, of solids and the intestinal lymph 
only 4°5°/, solids. The simplest way of explaining these differences is 
to look upon them as due to differences in the permeability of the 
filtering medium. The more permeable the medium the greater is 
the effect of changes in the pressure of the filtering fluid and the 
greater is the ease with which dissolved proteids pass through it. 
Thus the capillaries of the limbs have only a small permeability. The 
amount of transudation through them is but little affected by fairly 
large changes in the pressure of the blood within them, although, as 
Rogowicz has shown, they are so affected. At the same time they 
allow but a small proportion of proteids to pass through, the lymph 
only containing from 2°/, to 4°/, total solids, The intestinal capil- 
laries are more permeable, so that the normal blood-pressure in them 
suffices to cause a transudation which is more than enough to fill the 
lymph-spaces of the tissues, and the excess of lymph passes off and 
gives rise to a constant flow through the thoracic duct. The lymph- 
flow from them is very appreciably affected by changes in the pressure 
of the blood within them. They are more permeable for proteids than 
the limb capillaries, so that the lymph from them contains from 4°5°/, to 
6°/, proteids. 

Highest in the scale of snseabiins come the liver capillaries. From 
these, there is under normal circumstances probably a flow of lymph, 
although the blood-pressure in them is very little above zero. The 
lymph which is obtained from them contains from 6 to 8°/, proteids and 
is in fact almost as concentrated as the plasma within the vessels. 
They are extremely sensitive to changes in pressure. A rise of pressure 
to 200 mm. water, which is probably less than the normal pressure in the 
intestinal capillaries, suffices to produce a colossal transudation, giving 
rise to the great increase of lymph-flow from the thoracic Oth: which 
we have studied above. 

It is probably to changes in the permeability of the vessel-wall, as 
Cohnheim has suggested, that are due many of the important features 
of inflammation. Keep a dog’s foot in water at 60°C. for five min. 
and the vessels undergo an alteration; their permeability is increased ; 
we have in fact reduced the Hinb-capilinties to the condition of the 
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hepatic capillaries. The normal pressure to which they are subjected 


suffices now to cause a transudation which is too great to be carried 


off by the lymphatics and therefore accumulates in the interstices 
of the tissue, giving rise to oedema. The greater permeability is 
evidenced moreover by the greater concentration of the lymph so — 


_ produced, due to the larger amount of proteids it contains. Now too 
the limb-capillaries react in a marked manner to changes in the 


pressure of the blood they contain. Cohnheim and Jankowsky have 
shown that the lymph flowing from an inflamed limb is markedly 
affected by influences (such as section of vaso-motor nerves or obstruc- 
tion of the veins of the limb) which, applied to the sound limb, would — 
only cause slight and doubtful changes in the amount of lymph to be 
obtained. | 
There is one other factor however, which may be of importance in 
determining the concentration of the lymph obtained from different 
parts. I refer to the varying concentration of the blood-plasma in 


different parts of the circulation. Hamburger has shown that every 


chemical change in the plasma occasions an interchange of material 
between plasma and corpuscles. Thus addition of acids to blood causes 
the amount of proteids in the plasma or serum to be increased at the 
expense of the red blood-corpuscles, Addition of alkalies has the 


_ reverse effect. In this respect, carbon dioxide acts like an acid, so that 


the plasma of venous blood contains more proteids than would the 
plasma of the same blood arterialised. Now the chief blood-supply of 
the liver is venous, and the plasma of the blood circulating in the 
hepatic capillaries would therefore be more concentrated than the 
plasma in any other capillaries of the body. This factor at any rate 
probably accounts for the increased concentration of the lymph obtained 


by Heidenhain when aorta and portal vein were obstructed at the 


same time. In this case there is a small flow of blood into the 
intestinal capillaries, but the outflow is almost entirely blocked, so that 
the blood in the intestinal capillaries must become extremely venous. 
In the following experiment the thoracic aorta and portal vein were 
occluded simultaneously, and it will be noticed that the three first por- 
tions of lymph obtained after the obstruction were milk-white and con- 
tained a larger percentage of solids than the lymph before the obstruction. 
In this experiment, the flow of lymph from the liver was cut off, if one 
may regard ligature of the portal lymphatics as equivalent to a complete 
shutting off of the liver-lymph, so that the concentrated lymph obtained 
must have come from the intestines and other organs drained by the 
portal vein. 
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EXPERIMENT 15. 


Obstruction of portal vein and thoracic aorta. 
May 26, 1893. Young dog about 10 kilos. 


¢.c. in 


10min. Time Lymph Solids p.c. 
3 


11.50—12.0 = 3 c.cm., clear, opalescent 5:69 
Between 12.0 and 12.7 ligature (on ligature rod) put loosely 
round everything in portal fissure (portal vein, lym- 
phatics &c.). 
3 12.0—12.10 = 3 c.cm. 
At 12.28} aorta occluded and portal ligature pulled tight. 
1  12.830—40' = 1 c.cm., milk white 
0°6 40'—55’ = 1 c.cm., milk white } 
At 44’ examined intestines. These were rather congested. 
At 57’ water let out of aortic balloon, which was re- — 
distended at 12.59. 
35 12.57—1.7 = 3°5 c.cm., whitish and bloody 6:23 
At 1.8 water let out of aortic balloon and poem ligature 
released. : 
7 1.7—1.17 = 7 c.cm., very bloody, not so turbid 5°82 
At 17’ aorta obstructed again. 
2°3 17’—40’ = 5°4 c.cm., bloody 5:30 
(At 1.19 intestines cyanosed but not congested.) 
18 40’—50’ = 1°8 c.cm., clear, bloody 4°9 
At 50’ portal ligature tightened. 
1°6 50’—60' = 1°6 c.cm. 


6°32 


It was pointedout by Emminghaus and confirmed by Cohnheim 
that the typical lymph of venous obstruction was more watery than 
normal lymph from the same part and at the same time contained red 
blood-corpuscles. Why then do we not observe a diminution in the 
solids of the lymph obtained from the liver, when the inferior vena cava 
is obstructed ? 

The composition of the lymph of venous obstruction is probably 
determined by two factors: the absolute rise of intracapillary pressure 
involved and the permeability of the capillaries in question. Thus after 
obstruction of the vena cava above the liver, the pressure in the hepatic 
capillaries, although much higher than normal, is probably not higher 
than the normal pressure in the intestinal capillaries; and it is possible — 
that, if we were able to raise the pressure in the capillaries of the liver 
to the same extent as we do in the intestinal capillaries by ligature of 
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the portal vein, we should get from the liver an increased flow of more 
watery and bloody lymph. This idea is perhaps strengthened by the 
fact that one observes, after too rapid injection of blood into the right 
heart, an increased flow of lymph containing a large amount of red 
blood-corpuscles from the thoracic duct. On the death of the animal, 
haemorrhagic exudations may be found round the gall-bladder; the 
liver is intensely congested and the portal lymphatics filled with blood- 
stained lymph. 

On the other hand, there is no doubt that the more permeable the 
_ capillary wall is, the greater range of pressure can it undergo, without 
any marked alteration in the composition of the transuded lymph. Very 
interesting in this respect are Jankowsky’s experiments on the flow 
of lymph from the inflamed hind limbs of a dog. Of these I will here 
quote one or two’. 


“Exp. IX. July 13, 1882. Turpentine emulsion injected into both hind 
paws of a large dog. 

July 14. Swelling of both paws, Lymph collected in the usual way. 
No pumping movements employed. Morphia injected. Left sciatic nerve 
divided. From the limb with intact sciatic 10 c.c. lymph were collected in 
lh. 18’. On the side with divided sciatic, the same amount was obtained in 
50’. An elastic band was then tied round limb above the knee, without 
however obliterating the arterial pulse. After this, 10 c.c. of lymph were 
obtained on the paralysed side in 37’, and on the other side, in 50’. The 
two latter portions of lymph were redder than the two first portions. 
All specimens of lymph clotted equally quickly. 


Estimation of solids. 


Inflammatory lymph from paralysed limb 5-745 °/, 


| ” 
After obstruction of the veins : 7 
Inflammatory lymph from paralysed limb 5-975 ,, 


In another similar experiment, the solids were : 
Inflammatory lymph from paralysed limb  5°610,, 


| ” ” » intact ” 4°775 ,, 
After obstruction of the veins : 
Inflammatory lymph from paralysed limb 5-095 ,, 
” » intact ” 4°743 ,,” 


We see then that an alteration of the permeability of the vessel 
lJankowsky. Virchow’s Archiv, Vol, xcmt. p. 259. 1883, 
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wall not only increases the amount of lymph produced by a given 

intracapillary pressure, but also increases the iimits within which the © 
pressure may be raised without causing a diminution in the proportion 
of solids in the lymph, so that a rise of pressure causes proportionately 
_ increased production of lymph of the same composition as that obtained 
under normal pressures. 

Beyond pointing out this analogy between the hepatic cupillaiics 
and those of inflamed regions I am not inclined to go. Our knowledge 
of the properties of animal membranes and filtration through them is 
still too meagre to allow of our giving an exact account of the molecular 
changes involved in the changes of permeability of the vessel wall, and 
it would be profitless at this moment to indulge in speculation on the 
subject. 


Changes in the Blood caused by of the cova 
above the diaphragm. 


As might be expected, the increased transudation from the hepatic” 
capillaries caused by obstruction of the inferior cava is not without 
effect on the general composition of the blood. Since the lymph is 
derived from the blood, we find after the obstruction that the percentage 
of solids in the whole blood is increased and this change is caused by a 
relative decrease in the amount of the blood plasma. | 

The changes in the blood serum are more interesting. Analyses of 
the blood serum (obtained from the femoral artery) have already been 
given in Experiment 4. Here it will be seen that the increased lymph- 
flow is attended by a diminution of solids in the serum. The serum 
from the femoral artery blood before the obstruction contained 7°33°/, 
solids. After the obstruction the solids in the serum fell to 7:02°/,, 
while the solids in the lymph had risen from 6°46°/, to 7°102°/, We 
find here then exactly similar changes in blood and lymph as those 
produced by the injection of the various bodies included by Heidenhain 
in his first class of lymphagogues. Since in the latter case the lymph 
becomes more concentrated while the blood-plasma becomes less con- 
centrated, Heidenhain concludes that a fluid more concentrated than 
the plasma has left the blood-vessels, and that there has therefore 
been an act of secretion on the part of the endothelial cells. If this 
argument were correct, we must regard Experiment 4 as a still more 
striking proof of secretory activity, since in this case the amount 
of solids in the lymph serum rose even higher than the amount in the 
serum of the corresponding sample of blood, There are two objections 


Led 
Ag 
Py 
| 
4 
4g 
AF 
* 
| 
«id 
le 


FORMATION OF LYMPH. 253 


however to this argument. In the first place if a fluid more con- 
centrated than the plasma were secreted by the blood-vessels, one 
would expect the lymph from the thoracic duct to be also more 
concentrated than the blood plasma. This however is rarely or never 
the case after the injection of lymphagogues. In the second place 
Hamburger’s results show that it is fallacious to conclude, because 


changes have taken place in the composition of the plasma, that these 


changes are necessarily conditioned directly by the composition of the 
exudation that has left the blood-vessels. They might in fact be caused 
by alterations in the relationship of the plasma to the corpuscles. 

In the experiment of obstruction of the vena cava it is not suf- 
ficient to know the changes occurring in the blood from the femoral 
artery. We must also know how the blood is affected from which the. 
exudation is taking or has taken place. For this purpose it is necessary 
to analyse samples of blood from the vena cava below the point of 
obstruction as well as the blood from the femoral artery. In the 
following experiment a large number of determinations of total solids 
were made in various samples of lymph-serum, blood and _blood- 
serum. To obtain blood from the inferior cava the lower tube of the 
double obturator was made use of, blood being sucked up through this 
by means of a syringe. When it was desired to analyse the serum, the 
blood was received into small centrifuge glasses, which were at once 
corked, and after clotting, centrifuged. In this way, aeration being 
prevented, I hoped to obtain the original composition of the serum, 
whether from arterial or venous blood. 


EXPERIMENT 16. 


Simple obstruction of inferior cava above liver, with analyses of blood and 
lymph. 
June 9, 1893. Large hairy dog about 13 or 14 kilos. 


in 
Time Lymph Solids 
6 11.50—12.0 = 6 c.cm., reddish yellow, rather cloudy. 
12.0—15' = 6:2 c.cm., clear, light yellow 5°60 


At 12.5 blood-sample (1) about 20 c.cm. : 
‘Whole blood contained 22-29 
Blood-serum 7°23 
Between 12.15 and 20’ double obturator introduced. 
Upper balloon distended in vena cava above liver, and 
lower opening left free for bleeding from lower part of 
vein, 


+ 
> 
as 
“A 
23 
re 
x 
og 
a 


254 E. H. STARLING. 


40 12,20—22}’ = 10 o.cm., reddish yellow 6-27 
42 22}’—25' = 10°5 c.cm. __,, 
50 25’—27’ = 10 c.cm. 6°76 


33 27’—30’ c.om. 
33 30’—33’ = 10 c.cm. 
36 33’—36’ = 11 c.cm. | 

At 12.36 blood-sample (2) from lower (obstructed) part 

of vena cava. | 
Whole blood contained 26°57 
Serum ,, 7:67 

At 41’ blood sample (3) from fem. art. 

Whole blood contained 24:29 © 


| 6-98 
14 36’—42’ = 11 ¢.cm. (not so red). ! 
11 42'—48’ = 6-5 c.cm. 6-92 
Water let out of obturator at 12.48, 


20 48’—53’ = 10 c.cm. (more opaque, whitish) 5°72 
Obturator removed at 12.54. | 
13 12.53—1.0 = 9 ¢.cm. 
At 12.55 blood sample (4) from fem. art. Serum contained 6°95 
7 1.0—1.10 = 7 c.cm. 
5 -10’—20’ = 5 c.cm. | 
4 20’—30’ = 4 c.cm. (reddish) 556 
At 1.40 blood sample (5) from fem. art. ae 
The serum contained 701 
At P.M. liver not congested. All specimens of lymph 
were clotted by 1.45. 


- In this experiment the solids in the whole blood drawn from the 
femoral artery increased from 22°29°/, before the obstruction to 24°29°/, 
after the obstruction. In the blood-serum obtained at the same time 
the total solids diminished from 7°23°/, to 6°98°/,. At the same time that 


the latter specimen was drawn from the femoral artery a sample of 


blood was obtained from the vena cava below the obstruction. In 


- this the increase of total solids was still larger, as it contained 


26°57°/,.. In the serum however a higher percentage of solids was 
obtained, viz. 7°67°/,, so that the idea is at once negatived that the 
capillary wall had secreted a lymph of higher concentration than the 
blood-plasma, How then are we to explain the increase in the total 
solids and the diminution in the solids of the serum of the systemic 
blood? It seems to me that in the case of obstruction of the cava, at 


any rate, the explanation is fairly simple. 
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It is well known that withdrawal of small quantities of blood from 
the circulation causes the specific gravity of the blood remaining in the 
body to be diminished in consequence of increased resorption of fluid 
from the tissues. Now after obstructi¢ff of the cava a large amount of 
blood is practically withdrawn from the circulation to fill the distended 
veins in the abdominal cavity. This causes a fall of systemic pressure, 
and therefore an increased resorption of lymph from the tissues, We 
have then the blood pouring out a concentrated lymph in the liver, and 
taking up a more dilute lymph from the tissues in the rest of the body, 
and the combination of these two processes must act in dirminishing the - 
total solids in the plasma or serum of the circulating blood. 


Change in. the aft the lymph obtained after 
_ obstruction of the inferior cava. 


Heidenhain pointed out that under these circumstances the 
coagulability of the lymph was much impaired, and in fact might be 
altogether lost. In my experiments I have also observed a distinct 
loss of coagulability, although this loss has never been complete (per- 
haps because I did not maintain the obstruction for a sufficient length 
of time). This impaired coagulability however is not a monopoly of the 
lymph. The blood drawn from the femoral artery after the obstruction 
of the inferior cava clots much more slowly and imperfectly than that 
obtained before the obstruction (cp. Exp. 4). If the blood be drawn 
from the inferior cava below the obstruction, the clotting is extremely 
slow, and the clot formed is soft and gelatinous. The slow clotting of 
venous blood is an oft-observed fact. In this case however the coagula- 
bility of the arterial blood is also affected. It would be a rash 
proceeding, in the present state of the coagulation question, to attempt 
to explain this delayed clotting of the blood. I merely wish to point 
out that in this respect the lymph follows the blood from which it has 
been derived—slowly coagulable blood giving rise to slowly coagulable 
lymph. | 


Hydraemic Plethora and Hydraemia. 


Cohnheim pointed out that injection of large quantities of normal 
saline into the circulation so as to produce a hydraemic plethora 
caused a great increase in the amount of lymph flowing from the 
thoracic duct, so that this might be increased to 25 times the amount 
it was before. I give here the protocol of an experiment in which 
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hydraemic plethora was produced by the injection of 300 ccm, warm 
normal saline. It will be seen that an enormous flow of lymph was 
produced, which was at its height immediately after the end of the 
injection and then gradually subsided. Three-quarters of an hour 
however after the injection the lymph-flow was still six times as fast as 
it had been previous to the injection. The stimulation of the 
splanchnics as well as the section of the two vagi was without effect 
on the course of the aaron 


17. 


Hydraemic Plethora. 
Dog about 7 kilos. Both splanchnics divided and on electrodes. Renal 
vessels and ureters on both sides ligatured. 


c.¢. in 
10 min. Time Lymph 


26 12.40—55’ = 3°8 c.cm. . 
14 55'—1.5 = 1°4 ¢.cm. 
2 1.5—1.15 = 2 ¢.cm. 
(From 1.17 to 1.25, ran 300 c.cm. warm ane into jogule 


vein. ) 
15’—25’ = 11 c.em. 
40 25'—35' = 40 c.cm. 


26 35’—38}' = 10 c.cm. (excited splanchnics with strong —— 
18  383'—441’ = 10 c.cm. (rest). 
16 44}’—50}’ = 10 c,cm. (rest). 


505’—55’ = 10 c.cm. (excited splanchnics). 


Both vagi then cut. 


128 2.0—2.5 = 6°5 c.cm. (rest). 


 2.5—2.10 = 6-4 c.cm. (excited splanchnics). 


As Bayliss and I have shown, hydraemic plethora is associated 
with a great rise of pressure in both portal vein and vena cava, so that 


_ there is a large rise of pressure in the capillaries of the intestines and 


liver. At the same time the chemical composition of the blood is 
altered. The question then arises as to which of these two factors 
is responsible for the enormous increase in lymph-flow observed under 
these circumstances. 

Now, as we have shown in the preceding paper, we can eliminate 
the first factor altogether if we produce a simple hydraemia. If an 
equal volume of blood be withdrawn from the circulation before the 
injection of the normal saline fluid, there will be no rise of intra- 
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capillary pressure at all, whereas the composition of the blood will 
be altered in the same way as in hydraemic plethora. 

It will be seen in the following experiment that the simple ditutinn 
of the blood has very little effect on the lymph-flow. Twice bleeding 
to 200 ccm. and replacing the blood by normal saline, so that in all 
400 c.cm. normal saline were injected, only increased the lymph-flow 
from 3°2 c.cm. to 5°2 ¢.cm. in 10 minutes, whereas in the last experi- 
ment, injection of 300 ccm. normal saline increased the flow from 
2 c.cm. in 10 minutes to 10 c.cm. in one minute. At the close of this. 
experiment 350 c.cm. of normal saline were injected without previous 
bleeding, and the hydraemic plethora thus occasioned is attended with 
the usual consequences to the lymph-flow (cp. Exp. 8*, 13*, and 14* | 


and Diagrams IX.* and X.*). 
EXPERIMENT 18. 


Hydraemia. Hydraemic Plethora. 
Aug. 1, 1893. Dog about 8 kilos. 


10 min. ‘Time Lymph | | 
2.10—30' = 6°5 c.cm., opalescent, colourless. 
32 30'—40' = 32 ccm., 
From 40’ to 41’, 200 c.cm. of blood sihdleacnn from jonas artery. 
28  40'—50' = 2°8 c.em.,, getting slower towards end. 
From 50’ to 53’, injected 200 c.cm. warm normal saline (‘75 */0) into 
‘jugular vein. 
4:2 50’—60’ = 4:2 c.cm. 
4:8 3.0—3.10 = c.cm. 
From 3.10 to 3.11, withdrew 200 c.cm. 
From 3.11 to 3,14, injected 200 c.cm. of normal saline. 
5:4 3,.10—20' = 5-4 com. 
5:4 20'—30' = 5:2 c.cm. 
From 30’ to 33’, injected 330 c.cm. of normal saline. 
20 30'—35’ = 10 c.cm. 
37 35’ 38’ = 11 ccm. 
33s: 38’—41' = 10 c.cm. 
18 41'—46}' = 10 c.cm. 
13 463’—54’ = 10 o.cm. 

It is evident then that the permeability, or sensitiveness to pressure, 
of the capillaries of the abdominal organs (especially the liver) is 
an important factor by which the blood may be rid of any increase in 
its bulk above — The part played by the _— capillaries in 
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getting rid of the excessive amount of fluid is illustrated by Johans- 


son’s and Tigerstedt’s observations (loc. cit. in preceding paper). 
Raum’ too has pointed out that injection of normal saline into the 
blood gives rise to a vacuolation of the liver cells, so that part of the 
excess of lymph poured out by the hepatic capillaries is taken up 
by the cells of this organ, and indeed the increase in bulk of this organ 
caused by injection of large quantities of normal saline is in a large 


extent due to the dropsical swelling of the individual cells. 


ON THE INFLUENCE OF NERVES ON LYMPH-SECRETION. 
As I mentioned earlier, I began these investigations in the hope of 


finding some certain evidence of the existence of distinct lymph- 


secretory nerves. My experiments however have led me to the 


diametrically opposite conclusion, viz. that the nervous system has 


no direct influence on lymph-formation. Whenever in consequence of 
nerve-section or stimulation the lymph-flow is increased, the increase is 
always conditioned directly by an increased intracapillary pressure 
in the part, and therefore only indirectly by the nervous processes. 
The nervous system in fact can only influence the lymph-flow by 
altering the vascular conditions. 

- I will first describe my experiments, and try to show that in all of 
them the increase or diminution of lymph produced was directly due to 


-a rise or fall of pressure in the capillaries of the abdominal organs. 


Section of the cord in the lower cervical region. : 
As has been sltown in the preceding paper, division of the cord 
causes a fall of pressure in the intestinal capillaries, while the pressure 
in the hepatic capillaries is probably unaffected or also falls slightly 
(cp. Exps. 10* and 11*). © 
In investigating the effect of division of the cord on the flow from 
the thoracic duct, a slight caution is necessary. The artificial respira- 


tion must be carried on at the same rate before and after division of 
the cord. If it be begun only after division of the cord, the increased 


movements of the abdomen may give rise to an apparent rise in the 


flow of lymph. If however this precaution be observed, section of the 
cord always produces a diminution in the flow from the thoracic duct, 
as shown in the following experiment. 


1 Raum. Archiv f. exp. Path, Vol. xxrx. p. 353. 1892. 
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EXPERIMENT 19. 


Division of cord at 7th cervical vertebra. 
April 20, 1893. Small dog, about 6 kilos, Left vagus cut. Cannula in 
trachea. Dog in prone position. 
Time Lymph Solids p.e. 
11.30—40’ = 1:5 ¢.cm., colourless, opalescent. 
Spinal cord exposed at 7th cervical vertebra. Artificial 


respiration set up. | 
12,10—20’ = 2 c.cm. 
Spinal cord then divided. 
12.25—35’ = 0°75 c.cm. | 


The increase of solids observed in this experiment is not large 
enough to be of any great importance. We have here probably to do 
with a mixed lymph after as well as before the section. Here then the 
lymph-production is diminished part passu with the pressure in the 
abdominal capillaries, 


Influence of the splanchnic nerves. 


Division of the splanchnics has no very great influence on the 
lymph-flow from the thoracic duct. In some of my experiments, 
the lymph-flow was temporarily increased. In others, as in the experi- 
ment here quoted, the amount of lymph obtained was practically 
unaltered. The composition of the lymph also underwent no change. 


EXPERIMENT 20. 


Division of splanchnics. 
April 7, 1893. Dog about 8 kilos, very fat. Ligatures put loosely round 
both splanchnics from behind. 
¢.c. in Total solids 


10 Sain. Time Lymph in lymph p.c. 
3 12.10—30’ = 6 c.cm., bloody, clots at once | 
2:75 30’—40’ = 2°75 c.cm, 5-62 


At 12.43 both splanchnics torn through. 
The blood pressure fell to one-half but rose again in about 


15 min, 
2 12.45—55’ = 2 c.cm. (clots continually in 5.70 
21 55’—1.15 = 4:25 ccm. 5:93 


23  1.15—1.45 = 7 ccm, 5-70 
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The effect of stimulation of the splanchnics on the flow of lymph 
was tried in one experiment by von Basch’. This observer found 
that strong stimulation of the splanchnics for 10 seconds stopped the 
flow of lymph entirely. If, however, he had continued his stimulation 
for one or two minutes, he would have found that the preliminary 
stoppage or diminution of the flow gave way to an increase. If the 
splanchnic nerves be stimulated for many times in succession, it may 
be found that, in the later stimulations, there is no preliminary 
stoppage at all, the excitation of the splanchnic nerve causing at once 
an increase in the amount of lymph produced. The total effect of 
stimulation of the splanchnics is always an increase in the lymph-flow. 
The increase, however, although constant, is not very large, amounting 
generally to about 50 °/, and never exceeding 100°/,. 

I give here protocols of two experiments, showing the effect of stimu- 
lation of the splanchnics on the flow and composition of the lymph. 
The composition of the lymph is practically unaltered, although in 
some cases, as in Exp. 24, a slight reddening of the lymph may be 
observed when nerves are 


EXPERIMENT 21. 


Division of both splanchnics. Excitation of rt. splanchnic. 

Saturday, July 9, 1892. Dog 6 kilos. Two splanchnics dissected. Liga- 
ture round left — Rt. ee divided and put on Ludwig 
electrodes. 


Time Lymph 
11.10—20’ = 2°5 c.cm. | 
20’'—30' =3c.cm. (Excitation. A. 250—100. No effect on 
B. P.) 
= c.em. (Excitation. R.A, 100—80.) 
40’—50' = 5:25 c.cm. (No excitation. At 11.45, left splanchnic torn 
through. A little blood in lymph.) 
0’—12.0 = 3°5. (No excit.) 
12.0—12.10 = 4°5 c.cm. 
(12.0—12.2. Excit. R. A. 65. Rise of pressure. ilies stopped 
entirely. 
12.2—4’. No excit. Lymph flows more quickly. 
Aisle Excit. Not a drop of lymph falls. 
—10’. Noexcit. First drop of flows after 50 


1 Ludwig’s Arbeiten, 1875. 
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12.10—20’ = 4°5 c.cm. 
excit. 14’—20', no excit.) 
—30’ = 4 c.cm, (no excit.). 
30’'—40’ = 6-25 c.cm. (discontinuous excitation). 
(30’'—31', excit, 31'—33', rest. 33’—34’, excit. 34'—36’, rest 
36’—37’', excit. 37'—40’, rest.) 
40’'—50’ = 3-25 c.cm. (no excit.). 
50’—1.0 = 4°5 c.cm. (discontinuous excit. as from edleasabs 
1,0—1.10 = 3:5 c.cm. (rest). 
10’—20’ = 4°5 c.cm. (excite 1 min. in 3, a8 before). 
20’—30’ = 3 c.cm. (rest). 
 30’—40' = 2°75 c.cm. (rest). 
40'—50' = 4 c.cm. (excite three times for one minute). 


EXPERIMENT 22. 


of both splanchnics, 
April 22, 1893. Small dog about 5 or 6 Kiln. Both mee cut and 
provided with Ludwig electrodes, and arranged in circuit of the secondary 


coil of an Ewald inductorium. 
Rate in Total solids 


10 min, Time Lymph : in lymph p.e, 
15 12.5—25’ = 3 c.cm., opalescent, clots at once. ) 
From 12.47 to 1.5 stimulated splanchnics. R. A. increased 

from ccm. to 7 c.cm. interval of 2 mins. in 


middle). 

15 12.45—1.5 = 3 (excit.). 

2 1.5—1.15 = 2 c.cm. (rest). | 

At 1,15, both vagi cut. : 

1-75 15'—25' = 1:75 c.cm. (rest). 5:6 
2°75  1:25—45' = 5:5 c.cm, (excite, R. A. 5). 5:1 

3 45'—2.0 = 4°5 o.com, (excited continuously). 

2 2.0—2.20 = 4 c.cm. (rest). 5-2 
25  2.20—2.40 = 5 c.cm. (rest). 5:3 

3 2.40—3.0 = 6 c.cm. (R. A. 4, 
15 3.0—3.20 = 3 c.cm. (rest). 5-0 


With each excitation of the splanchnics the udenit flowed quickly for the 
lst minute and then gradually slowed off. 


It has been shown in the previous paper that the pressure in the 
intestinal capillaries is increased after splanchnic excitation, During 
the excitation however although the pressure may also be slightly 
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increased, we cannot prove this with certainty, so that in this experi- 
- ment an exact correspondence between lymph-production and capillary — 
pressure, although probable, cannot be regarded as definitely ascertained 
(cp. Exp. 5* and Diagram IL*). 

The effects on the flow of lymph of stimulating the vagus vary with 
the condition of the animal. In a normal animal excitation of the 
vagus may have very little effect or may cause a considerable increase 
in the lymph produced. The varying effect appears to depend on the 
length of time during which the heart’s action can be entirely inhibited 
by the vagus. In many morphinised dogs it is difficult to produce 
a stoppage of more than 20 or 30 seconds by stimulation of the vagus. 
In such cases the lymph-flow is generally only slightly increased. If 
however the heart be stopped for 60 seconds or more, we may obtain a 
large i increase of lymph-flow in consequence of the stimulation. This — 
is well shown in the following experiment. During the early part 
of the experiment the vagus only stopped the heart for 20 to 30 seconds, 
and very little effect was produced on the lymph. Later on, after 20 
minutes’ rest (from 3.30 to 3.50), the first excitation of the vagus after 
the rest stopped the heart for 70 seconds, and at once a large increase 
of lymph-flow was observed. Then on repeated stimulation, the vagus 
once more failed to act so well and the increase of si was only 


slight. 
EXPERIMENT. 23. 
Dog about 8 kilos. Rt. vagus cut and on electrodes, 
Time Lymph 
2.30—40’ = 2°8 
40’—50’ = 3:2 c.cm. (from 40’ to 45’ stimulated vagus 4 times. Heart 
only stopped for a few seconds). 
50’—60’ = 3:2 c.cm. At 50’, left vagus cut. 
3.0—3.10 = 3°2 ccm. (exc. vagus at intervals, Heart only stopped 
30 secs.). 
3.10—20’ = 2 c.cm. (rest). 
20’—30’ = 3°6 c.cm. (exc. vagus). 
30’—40’ = 1 c.cm. (rest). 
40'—50’ = 12 c.cm. (rest). 
50’—60’ = 4°6 c.cm. (exc. vagus. In first 5 mins. vagus stopped 
(50'—55’ = 3-2 c.cm. heart for one minute. In last 5 mins. 
55’—60’' = 1-4 c.cm.) vagus standstill only lasted 30 secs.) 
4.0—4.5 = 0°6 c.cm. (rest). 
4.5—10' = 0°8 c.cm. (rest). 
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10’—15’ = 3°3 c.cm. (exc. 10’—11’. Heart stopped 70 secs. 
| | Exe. 12’—13’. Heart stopped 30 secs.) 
15’—20' = : 1-6 c.cm. (exc. 15’—16’. Heart stopped 40 secs. 

Exe. 17’—18’. Heart stopped 30 secs.) 
20’—30’' = 1-2 c.cm. (rest). ; 


Bayliss and I have shown that, on stoppage of the heart by the 
vagus, two phases may be distinguished in the venous pressures, (Cp. 
Exp. 3* and 10* and Diagrams V.* and VI.*): During the Ist period, 
which lasts for about 40 seconds after the commencement of stimulation, 
there is a slight fall in the portal pressure and a rise in the inferior cava 
pressure, After this time, the anaemia of the brain causes excitation 
of the vaso-motor centre and a rise of the general mean pressure, which 
is evidenced by a rapid rise of pressure in portal vein and vena cava. 
If then the stoppage of the heart only lasts for 20 to 30 seconds, we 
only get the Ist phase, i.e, a rise of pressure in the vena cava and a 
slight fall in the portal vein. Hence during long-continued stoppage of 
the heart, there is a much greater rise of pressure in the capillaries of 
the liver, and later on of the intestines, than when the stoppage is of 
only short duration. Coincident with this we find a greatly increased 
flow of lymph in the former condition, and only a slight increase in vis 
latter. 

If both splanchnics be cut at the commencement of the experiment, 
stimulation of the vagus has no influence on the lymph-flow, and may 
in fact cause a slight diminution. This is shown in the ot 
experiment. 

EXPERIMENT 24. 
Splanchnics divided. Stimulation of splanchnics and vagus. 
_ July 3, 1893. Dog. Both splanchnics on electrodes. 
Time Lymph 
2.35—45' = 3°4 c.cm. 
electrodes. 
40’—60’ = 3°2 c.cm. 
3.0—3.10 = 1°6 c.cm. 
10’—20' = 1°4 c.cm. 
20’—30’ = 1°6 c.cm. (exc. left vagus with intermissions. Heart com- 
pletely stopped during excitation). 
30’—40' = 1°4 c.cm. (rest). 
40'—50’ = 2:2 c.cm. (at 50’ rt. vagus ails exc, vagus. 
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3.50—4.5 = 2 c.cm. (rest). 

4.5—4,20 = 4°4 c.cm. (exc. both R.A. 10. Lymph slightly 
reddened towards end). 

4.10—35’ = 54 c.om. (rest). 
35’—45' = 4-4 c.cm. (exc. splanchnics). 
45'—60’ = 4. c.cm. 

4.0—4.10 = 3 c.cm. (vagus excited with intermissions. Heart stopped 

completely. R. A. 20). 
10’'—20’ = 3 c.cm. (rest). 
20’—30’ = 3-4 c.cm. (exe. splanchnics. A. 10). 
30’—40’ = 2-2 c.cm. (rest). 
 40'—50‘ = 3°8 c.cm, (exc. splanchnies. R.A. 10). 
With each stimulation of the splanchnics the lymph became slightly 
redder, and then recovered during the periods of rest. 


Here again there is a complete correspondence between the effects 
of the vagus on the lymph and on the intracapillary pressure. As we 


have shown, stimulation of the vagus after section of the cord or of both 


splanchnics no longer causes the marked rise of venous pressure 


observed under normal conditions (cp. Exp. 1* and Diagram VII.*), 


and there is therefore no rise of capillary pressure in the abdominal 
organs under these circumstances. 

In all these experiments then there is a complete agreement 
between the capillary pressures in the abdominal organs and the 
lymph-flow from the thoracie duct, and we must conclude that nerves 
have no influence on lymph-formation other than an indirect one 
through their effect on the circulation. 


I believe that a consideration of previous work on the subject ad 


lead one to the same conclusion, Although, as I have shown, the limb- 
vessels are ill adapted for investigations of this nature, we have the 
evidence of one observer, Rogowicz, to the effect that vascular 
dilation causes an increased production of lymph in the limbs. And 
this influence of vaso-motor section on lymph-production is still better 
shown in Jankowsky’s experiments on inflamed limbs, 

An experiment on which much stress has been laid is the oft-cited 
one of Ostroumoff. This observer showed that continued stimulation 
of one lingual nerve causes oedema of the same side of the tongue, 
which is described by Cohnheim as being very marked. I have 


repeated this experiment of Ostroumoff’s five times, and cannot help» 


thinking that there is either a good deal of enthusiasm in Cohnheim’s 
description or else that Ostroumoff was dealing with hydraemic dogs. 
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For although in all my experiments I obtained a swelling of one side 
of the tongue on stimulation of one lingual nerve, the swelling was 
never so great as to deserve the term “ausgesprochenes Oedem.” On 
cutting into the tongue at the end of the experiment the side on which | 
the nerve had been stimulated was certainly moister than the other 
_ side, but the difference was extremely slight. That the lymph-flow 
in the tongue is increased coincidently with the vascular dilatation 
is shown by the experiments carried out by Rogowicz under Heiden- 
hain’s guidance. This increased flow is however sufficiently accounted 
for by the pronounced vascular dilation which is produced at the same 
time, and we have no right to assume that stimulation of the lingual 
nerve will produce an increased flow of lymph into the interstices of the 
tongue when the circulation through the tongue has ceased and there is 
no pressure in the capillaries of this organ. 

_ In one experiment I observed a pronounced oedema of the tongue 
on stimulation of the lingual nerve. In this case however I had 
injected 600 c.cm. normal saline into the femoral vein, so that the dog 
was in a condition of hydraemic plethora. Before the saline was run in, 
the lingual nerve had been excited with gradually increasing stimuli 
for 40 minutes without the production of any oedema in the tongue. 
I would conclude then that there is no evidence of any direct action of 
nerves on the secretion or production of de tu 


We have thus come back to the point we started from. All my 
experiments on the lymph-flow from the thoracic duct under various 
conditions and the results obtained by Bayliss and myself on the 
venous pressures under similar conditions absolutely confirm Ludwig's 
views as to the formation of lymph, viz., that lymph-production is 
a function of the difference of pressure between the blood within 
the capillaries and the fluid in the tissue spaces outside them, and that, 
for any given area, increase of the intracapillary or decrease of the 
extracapillary pressure must determine an increased transudation, an 
increased lymph-formation. The normal permeability of a given 
capillary is no doubt intimately dependent on the life of the endothelial — 
cells. Whether however any other process besides that of filtration is 
at work in the transudation of lymph through them, my experiments 
are not adequate to decide. I have, however, come across no facts 
which would negative the filtration hypothesis, and therefore cannot 
for the present regard as an article of faith Heidenhain’s dictum 
that, normally, filtration plays no part in the formation of lymph, 
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“dass bei der Lymphbildung unter normalen Circulationsverhiltnissen 
die Filtration keine Rolle spielt.” 

I have, in conclusion, drawn up a tabulated list of the effects on the 
lymph-flow of the various experimental procedures employed. If this 
list be compared with the similar list at the conclusion of the paper on 
venous pressures, I think no one can fail to be persuaded that under 
normal conditions intracapillary pressure is the chief factor i in 
lymph-production. 


Whether lymph is 
from liver. 
Section of cord Diminished Probably both 
Stimulation of vagus No effect or slight ? 
(splanchnics cut) fall 
Prolonged stimulation of vagus Increased / 
(normal) 
Excitation of splanchnics Increased Probably both 
Anaemia Diminished 
Hydraemic Plethora | Large increase Both 
Hydraemia Slight increase 
_ Obstruction of thoracic aorta _ Diminished Liver 
Obstruction of inferior cava ~—Large increase Liver 
Obstruction of portal vein Increased Intestines &c, 


Note. Hamburger has lately published an interesting paper on 
the lymph-flow from the main cervical lymphatic of the horse’. 

In this he comes to the conclusion that filtration can have nothing 
to do with the process of lymph-formation on the following grounds: 

(1) That the amount of lymph produced may be increased under 
circumstances when the Carotid pressure is diminished. It is perfectly 
well known that a single determination of arterial pressure is useless 
for judging of changes in intracapillary pressure, and without further 
observations, Hamburger’s experiments neither confirm nor disprove 
the filtration theory. | 
: (2) The proportional composition of blood-serum is not he's same 
as that of the lymph produced at the same time. 

(8) The osmotic pressure of the lymph is higher than that of 

the blood-plasma. 

These two latter arguments lose a good deal of their weight if it be 


1 Hamburger. Zeitschr. f. Biol. Bd. xxx. p. 143. 1893. 
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remembered that the amount of lymph obtained is extremely small, and 
that we are perfectly ignorant what changes it has undergone on its 
way through the tissues from the blood-vessels to the cannula in 
the lymphatic duct. It is quite possible that the lymph may have 
_ taken up its excess of salts from the tissue cells, and that the fluid 
as it left the blood-vessels had the same or a mwer osmotic pressure 
than the blood-plasma. 

Since the final result of metabolism in the animal body or in an 
animal cell is disintegration, a breaking down of large complex unstable 
molecules of high potential energy into a great number of small simple 
stable molecules of small potential energy, the total output of an animal 
cell must have a higher osmotic pressure than the total income, so that 
all the metabolic changes in the tissues would tend to increase the 
osmotic pressure of the lymph with which they are bathed. 
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ON THE ABSORPTION OF IRON IN THE ANIMAL 
BODY. By A. B. MACALLUM, MB, PhD, Associate- 
Professor of Physiology, University of Toronto’, (Plate XI.) 


THE chemico-physiological relations of iron have been the subject of 
much speculation during the last fifty years, The chief difficulty in 
investigating the subject experimentally is the fact that, when iron 
enters into the composition of organic structures, it becomes ‘masked ’ 
and can no longer be detected by its ordinary chemical reactions. 

The question is one of great practical interest, and Bunge’s 
researches have in recent years done much to unsettle the medical 
dogma that the iron contained in drugs enters directly into combination 
with the red corpuscles to form hemoglobin. 

In 1890 an investigation on the formation of blood corpuscles in 
larval amphibia led me to conclude that hemoglobin is formed from 
nuclein (the chromatin of histologists), and the iron-holding character 
of other nucleins has been demonstrated by Bunge’, and Zaleski*. — 
The discovery of micro-chemical methods‘ for detecting iron in cells has 
aided me in establishing the generalisation that the most important of 
all elements in the life of every cell is an iron-holding compound. The 
prozymogens, if not the zymogens themselves, also contain iron. 

I regard Bunge’s theory of the direct conversion of iron-containing 
nucleins in the food (hematogen) into hemoglobin as extremely 
doubtful, but the whole question of the synthesis of organic iron 
‘compounds is in an uncertain state, chiefly owing to our ignorance of 
the constitution of the nuclein molecule. There are, however, certain 
allied questions which can be more readily answered, and I have 


1 The expenses of the investigation of the absorption of organic compounds of iron 
(chromatins) were generously defrayed by a grant from the Elizabeth Thompson Science 
Fund. 

2 Zeit. f. physiol. Chem. Vol. rx. p. 49, 1885. 

3 Ibid. Vol. x. p. 453, 1886. 

‘Macallum. Proc. Roy. Soc. Vol. u. 1891. 


+ 
¥, 
> 
2 
| 
4 
4 
4 
; 
| 
% 
+ 
4 
j 


ABSORPTION OF IRON. 269 


attempted in the following pages to determine first whether or not 
inorganic compounds of iron are absorbed, and secondly whether certain 
organic compounds of iron are absorbed; this second part of my paper 
must however be regarded as a preliminary communication, as my work 
in this direction is still incomplete. 


I. On the Absorption of Inorganic Iron Compounds. 


The literature of this subject is very abundant; it consists largely of 
clinical records; the only papers however which I will mention are 
those which embrace observations on the quantitative estimation of iron 
ingested and excreted. In these the difference between the amounts is 
relied on to show whether iron salts are absorbed or not. The principal 
researches of this nature are those of Kletzinsky’, Hamburger’, 
Gottlieb’, Kunkel‘, Kumberg*, Busch’, Marfori’, Coppola® and 
Stender’. 

A careful perusal of these papers will convince the enquirer that the 
methods adopted are not calculated to answer the question, and that 
the various observers obtained different results. 

In none of the series of experiments referred to, however, was the 
micro-chemical method employed to any extent except in those of 
_ Stender, although Kunkel’s experiments on the livers of mice fed 
with iron indicate how valuable such a method would be in results, 
and it seemed to me that it would be easy to determine with it whether 
there is absorption of iron salts, and if so, in what manner and through 
what physiological agents it takes place. 

Influenced by these views as to the value of the micro-chemical 
method, I made a number of experiments with guinea-pigs, kittens, 
lake-lizards and Amblystomata, using different preparations of iron and 
administering them either with or without food in various doses. At 
different intervals, after administering a preparation, or during the course 
‘of feeding with the preparation, the animal was killed, the abdomen 


1 Zeitech. d. Gesellech. der Aerate zu Wien, 1854, ii. 281. 

2 Zeitsch. f. physiol. Chem. Vol, 11. 1878, p. 191. - 

8 Arch, f. exp. Path. u. Pharm. Vol. xxvt. p. 139, 1889; Zeitsch. f. physiol. Chem. 
Vol. xv. p. 871, 1891. | 

4 Arch. f. d. ges. Physiol. eee 1, 1891. 

5 and*® Kobert. Arbeiten des Pharm. Inst. 2 Dorpat. Vol. vu. 1891. 

7 Arch, f. exp. Pathol. u. Pharm. Vol. xxrx. p. 212, 1891. 

8 Rendiconti della R. Accad. dei Lincei, Vol. vt. p. — 

* Kobert. Loc. cit. 
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opened, parts of the intestine, liver, spleen and kidney were removed, 
put directly into 95 per cent. alcohol or, after hardening for ten minutes 
in a saturated solution of corrosive sublimate, into alcohols successively 
of 50, 70, and 95 per cent. strengths. For control purposes teased-out 
portions of the fresh mucous membrane of the intestine were treated 
with ammonium sulphide and examined under the microscope. After 
the hardening was completed in alcohol, sections were made of the 
various parts either by the free hand (liver and kidney), or by the 
paraffin or celloidin methods. Sections made by the paraffin method 
from tissues hardened in corrosive sublimate were fixed on the 
cover slip by Gaule’s method, and the paraffin having been removed 
by the usual process they were immersed in a mixture-of equal parts of 
solutions of hydrochloric acid and potassic ferrocyanide of 0°5 and 1°5 
per cent. strengths respectively. Here they were allowed to lie for 
about ten minutes, then they were washed in distilled water, dehydrated, 
cleared in cedar oil and mounted in benzole balsam. Sections made 
with the free hand, or with the celloidin method, were either mounted 
on the slide in a mixture of glycerine and ammonium sulphide and 
examined under the microscope, or placed in the ferrocyanide mixture 


- for ten minutes, then carefully washed in distilled water, dehydrated in 


alcohol and, after clearing in oil of cedar, mounted in benzole balsam. 
Portions of the intestine hardened in alcohol were also put in a mixture 
of alcohol and ammonium sulphide in the relation of 5 to 1. Material 
hardened in corrosive sublimate, on account of the presence of this 
reagent in the tissues, gave no useful preparations with ammonium 
sulphide, but they furnished, nevertheless, instructive ones when treated 
with the ferrocyanide mixture. In studying the preparations made 
with ammonium sulphide, I teased out portions of the mucosa and 
mounted them in a mixture of glycerine and ammonium sulphide. 
The glycerine prevents largely the evaporation of the sulphide, and such 
preparations may be kept weeks and even months. In the case of the 
liver, spleen and kidney teased-out preparations yielded nothing of 
value, but sections of alcohol material, made sufficiently thin with a little 
practice by the free hand, were useful when mounted in the glycerine 
sulphide mixture. I have found that material hardened in alcohol 


furnished the best preparations, and that it gave results not equalled by 


those given by material fixed with corrosive sublimate, or those obtained 
by the use of ammonium sulphide on fresh material. The latter method 
is apt to lead to error, since the living or non-hardened tissues are 
slowly penetrated by ammonium sulphide, and when the penetration 
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does take place, the cellular elements are more or less altered, giving 


' confusing results. Alcohol has the advantage that it hardens rapidly 


and does not extract the salts of iron which are in the tissues in an 
albuminate form. In order to prevent diffusion of iron salts from with- 


out into the mucosa of the intestine, the latter, laid open immediately 


after removal, was in every case quickly washed free from adherent food 
matters and then dropped into alcohol. | 

In guinea-pigs there is absorption of iron in the intestinal mucosa. 
This is readily seen in well-fed animals, less readily so in those whose 
stomachs and intestines are almost empty of food. The intestinal 
mucosa, after treatment with alcohol and when tested with ammonium 
sulphide, acquires a more or less dark colour, due to the formation of 
sulphide of iron which, under the microscope, is seen to be limited to 


the sub-epithelial portions of the tips of the villi. On closer examination 


the iron is found to be deposited in leucocytes which, in their disposition, 
form together a cap as it were for the extreme end of the lacteal vessel. 


The dark green reaction is not uniformly diffused through each cell, — 


the nucleus being free from it, while in addition to that present in the 
cytoplasm as a whole there are masses in it which yield a greater 


intensity of colour. The leucocytes are not as numerous immediately 


under the membrane on which the epithelium rests. They may 
occasionally be found between the epithelial cells of the tips of the villi, 
not, however, as much loaded with iron as those are which are found 
about the end of the lacteal. The iron of these cells originates from the 
food in great part, for, if the animal be kept without food for a week, the 
tips of the villi give but a feeble reaction. What is present in such 
preparations is derived from the bile, and this was shown by the results 
obtained from feeding guinea-pigs with egg-yolk. The latter according 
to Bunge contains but a trace of inorganic iron—and when it is fed to 
the animal but a feeble reaction for inorganic iron is obtainable in the 
villi. When, however, a trace of ether is added to the yolk given, the 
amount of bile poured into the intestine becomes greater, the absorption 
more vigorous, and then one finds the tips of the villi give a marked 
iron reaction almost_as distinct as that present in the animal fed on its 
ordinary diet. This iron must therefore be derived from the bile. In 
all well-fed animals the iron reaction obtained is the more marked the 
nearer the part examined is to the pyloric opening, and at a distance of 
from seven to ten inches from it it is usually absent altogether. 

In ordinary guinea-pigs it is indeed very seldom that one finds 
inorganic or albuminate iron in the epithelial cells themselves. In 

PH. XVI. 2 18 
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order to meet the objection that possibly the iron in the lymph cells is 
that in the process of excretion, and also to determine how the iron 
compounds reach these elements, I fed several animals, which had fasted 
for about four days, with various preparations of iron, but using, for this 
purpose specially, some of the commercial “ peptonate ” of iron of which 
about 100—200 mgrm. were administered per 08 daily to each animal. 
The intestinal mucosa of animals so fed for three days became black 
in the ammonium sulphide solution, and on examination with the 
microscope the reaction, as before, was almost confined to the tips of the 
villi, which were all similarly affected down to the distal end of the 
small intestine. It was further found that the epithelial cells them- 
selves covering the tips were loaded with iron, the leucocytes were 
massed below in great numbers and a large number had wandered 
between the epithelial cells in such a way as, in many of the villi, to 
displace and distort the cells. In very thin sections treated with the 
ferrocyanide mixture and mounted in balsam, the distribution of the 
iron was more clearly seen. Sometimes in the epithelial cells the blue 
reaction was a diffuse one with blue granules collected in groups here 
and there in the cell, in some instances it was found in the inner end of 
_ the cell chiefly, while again the protoplasmic processes in the hyaline 
border gave an intense reaction. Fig. 4 shows some of these details 
distinctly. In this are represented three cells, in two of which the 
inner ends appear loaded with iron and they were fixed in the act of 
transferring it to the underlying tissue. This involves an internal 
secretion, a process that plays an extensive part in absorption. The — 
iron compound appears to be secreted in a soluble form, for I found that 
the underlying elements, the connective tissue fibres, yielded frequently 
a deep homogeneous blue reaction when the lower ends of the epithelial 
cells gave the same. When the amount of iron in the epithelial cell is 
small, that part of it in the lower end is dissolved in the protoplasm, but 
when the amount is. large, it appears to be precipitated in a granular 
form. The dissolved form of the iron compound is possibly an 
albuminate, but the character of the granular form is difficult to 
- determine, and it is equally difficult to do so in the matter of the 
deposit in the form of granular masses in the leucocytes below, although 
on the ground that some of these cells win their way with their iron 
back into the blood vessels, it is allowable to believe that the iron- 
holding masses in them, in order not-to impede their movements, must 
be of albuminate composition and not inorganic with fixed shape. 

The further course of the absorbed iron it is difficult to demonstrate 
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unless iron salts are given for some time. It is easy of course to deter- 


- mine that the leucocytes take up some of it. That fact is the one 


the most prominently seen even when the iron is given in large doses 
and for a long time, but it is only in the latter case that one is able by 
micro-chemical means to show that another and probably more important 


method of transfer exists) When the excised serosa of the upper part 


of the small intestine from a guinea-pig, fed for-some time with either 
the phosphate, chloride or “ peptonate,” was treated, after hardening in 
alcohol, with the acid ferrocyanide mixture and after the usual course 
of treatment mounted in balsam, the venules appeared blue while the 
arterioles were unaffected. In all these cases the blue colour was found 
in both the contents and the intima of the vessels, and where the venule | 


was empty, in the intima alone. In the contents there was a very light 


blue in the red corpuscles, a white corpuscle here and there contained 
iron and the plasma was shown to carry it by a colour deeper than 
that given by the red discs. When the dose was very great indeed 
the iron in the plasma took a granular form, at least in alcohol ° 
preparations, but in this condition the muscular as well as inner coat of 
the vessel was blue. These venules are radicles of the portal vein. In 
the liver inorganic iron was found in all the tissues of the peripheral 
zone of the lobules, in part in a granular form in the peripheral hepatic 
cells, but diffused mainly through both cell and nucleus of each element. 
When the dose of iron given was not great, then the iron was mainly if 
not wholly confined to the peripheral zone. With large doses a greater 
portion of the lobule was impregnated with iron, and other elements 
came prominently to view, especially in the “ peptonate” preparations. 
There were leucocytes in the angles of the capillaries in all parts of the 
lobule but very frequently in the central portion, and their occurrence 
was manifested under the low power by the strong reaction which they 
gave for iron (fig. 5). Sometimes each cell was a mass of blue 
material or it contained large blue masses, in others again, the 
cytoplasm had a diffuse blue tint with one or more clumps of iron- 
holding substance. Did these leucocytes come from the villi of the. 
intestine? Some of them undoubtedly must have done so, for, as 
already stated, in the contents of the venules in the serosa of the upper 
portion of the small intestine there were a few iron-holding leucocytes. 
It is probable, however, from a difference in the arrangement and 
deposition of the iron in them, that a large number have taken up the 
iron from the plasma after they became entangled in the capillaries. 
Some of them appear to be so large as to occlude the capillary channels, 
18—2 
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What they do with the iron which they contain is a matter of inference 
only. They probably transfer it to the liver cells through the capillary 
wall, or, if they again become free, they pass with it on to the general 
circulation. They are apparently not much discommoded by the amount 
of iron which they contain, for I found similar iron-holding leucocytes of 
all shapes and sizes both in the spleen pulp and 1 in the venules — 
off from it. 

The iron-holding leucocytes of the villi when they leave the latter 
probably pass into the transverse branches of the capillary network 
or into the collecting venule of the villus. Outside of the vill the 
occurrence of iron-holding leucocytes, except in vessels, is extremely rare, 
although when excessive doses, as, for exam ple, 0°5 grm. daily of ferric 
phosphate, were given, they were increased in number, owing to the 
saturation of all the tissues of the intestinal wall with iron. 

Whatever iron salt was administered, whether the “ setiinste,” 
phosphate, chloride or sulphate, when the dose was small, i.e. under 50 
mgrms., the evidence of its absorption was very plain in the villi of the 
upper end of the small intestine. When the dose was larger, as in the 
case of the phosphate and “ peptonate,” its presence was observed in the 
villi far down in the intestine, but the reaction was the less distinct the 
more remote the villus examined was from the pylorus. When either of 
the two was given in very large doses, (0°5 grm. daily of the phosphate 
for example), the villi near the coecum gave an intense reaction. 

These results can be explained readily. The iron salt of the chyme, 
when the latter is thoroughly mixed with the biliary and pancreatic 
fluids, becomes wholly precipitated if the alkalinity of the two latter 
fluids is sufficiently great. The alkali present may be completely 
destroyed by a large quantity of iron salt in solution, and when this 
occurs the excess of the iron salt not precipitated and remaining in 
solution is absorbed. When the quantity in excess of that necessary to 
destroy the alkalinity is very great, all the villi of the intestine are in a 
position to absorb some of it. If on the other hand the dose is small, 
_ absorption in the upper end of the intestine is favoured by the circum- 
stance that the three fluids, chyme, bile, and pancreatic juice, do not 
immediately and intimately mingle and, therefore, the iron is not at 
once precipitated, some of it being absorbed before that occurs. The 
- quantity of acid in the chyme is a factor of some importance, and when 
the iron given is in the salt form and not as the oxide, the acidity of the 
chyme is not decreased, the acid of the salt displaced taking the place 
of the hydrochloric acid. When the oxide or the reduced metal is — 
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administered, their solution takes up a portion or all of the acid without 
contributing in turn to the acidity of the chyme, and, therefore, in the 
intestine the alkalinity of the bile and pancreatic juice goes farther in 
the precipitation of the salts of iron in solution in the out-poured chyme. | 
The larger the amount of free acid in the latter the greater must be the 
quantity of iron absorbed. : 

I have made some experiments also upon the absorption of iron in 
kittens. One of two from the same litter was given, through a pipette 
by the mouth, 100 mgrms., in solution, of tartrate of iron and ammonia 
and both were killed four hours after with chloroform. The villi of the 
second kitten gave absolutely no reaction for inorganic iron, while in the 
other fed with the iron salt, the sub-epithelial portions of the tips of the 
villi gave a marked one. In both the amount of milk in the stomach 
was the same, the gastric contents in one still holding apparently the 
greater part of the iron administered. 

It was noted in this and in other cases where the dose administered 
was comparatively small, how free the epithelial cells themselves were 
from inorganic iron. Although in the sub-epithelial portions of the villi 
in the kitten the amount of iron was large, the epithelial cells when 
fixed did not contain the slightest trace of it. The possible explanation 
is that the cells transfer with great rapidity the iron which they absorb, 
and that it is only when the cells are fatigued by overwork in this 
transference, that some of the iron absorbed is seen in them. 

I have already referred to the collection of the leucocytes in the tips 

of the villi and to the invasion of the epithelial layer by leucocytes in 
_ the “ peptonate” preparations. This is shown in fig. 2, representing an 
optical section of a villus treated with ammonium sulphide and glycerine. 
The migration into the epithelial layer does not occur in every villus, 
while in some exhibiting this appearance it may be more marked than 
in others, The epithelial cells were very often greatly affected by the 
invasion, for not only were they considerably displaced, but they were in. 
such a condition of disintegration that in some stained sections the ex- 
treme tips of some of the villi appeared denuded of epithelium. Whether 
the intra-epithelial leucocytes were the cause of this disintegration or 
not, they contained in addition to iron a great part of the disintegrated 
material. An invasion of the epithelial layer by leucocytes was also 
obtained in the villi when a quantity of albuminate of iron, made 
according to Marfori’s' method, was given to a guinea-pig. The animal 
had been fasting for three days when the powdered albuminate, sus- 
1 Arch. fiir exper. Path. und Pharm, Vol. xxtx. p. 212, 1891. 
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pended in water, was given and five hours afterwards it was killed. As 
this compound is insoluble in weak acids, but readily soluble in weak 
alkaline solutions, it was not surprising that the villi from the opening 
of the pancreatic duct to the coecum gave clear evidence of its absorp- 
tion, while the villi for half an inch beyond the pyloric valve contained 
no traces of it. The villi near the distal end of the small intestine 
contained as much iron, judging by the reaction, as those which were © 
situated near the opening of the pancreatic duct. The number of iron- 
holding leucocytes was not great, yet they carried a full complement of 
iron, and in many of the villi a majority of them were intra-epithelial. 
Their presence in the latter situation was not, as in the “peptonate” 
preparations, accompanied by a disintegration of epithelial cells, although 
the Jatter were frequently much displaced. 

These results seem to indicate that combinations of iron and proteid 
influence in some way the activity of the leucocytes, and, in order to 
obtain further evidence on this point, observations were made on the 
lake-lizards (Necturus lateralis) in the laboratory. The animals used 
had been for over thirty months without food, and the intestinal cavities 
of two examined contained nothing more than small masses of inspis- 
sated mucus impregnated with bile, but the mucosa of the same gave — 
preparations of which that represented in fig. 3 is typical. There was 
iron present in small quantities in the outer ends of the epithelial cells, 
but it was in the leucocytes that it was most abundant, the cytoplasm 
of these containing, in addition to what was diffused through it, large 
granular masses impregnated with iron. Leucocytes giving such a 
reaction were found scattered all through the mucosa. In the liver and 
spleen iron-holding leucocytes were found, in the former in the angles 
of the capillaries and in the latter in the adenoid tissue. To determine 
if in these animals the leucocytes are affected as they are in guinea-pigs 
by the albuminate of iron, a quantity of the dried albuminate of iron 
was dissolved in a very weak solution of bicarbonate of soda and injected 
through the vent into the intestine of one. Eight hours afterward 
the animal was killed, the liver, spleen and intestine removed and put 
into alcohol. The latter organ was only partially opened. In the liver 
and spleen the amount of iron in the leucocytes was greatly increased 
and the liver:cells gave a deeper diffuse reaction. In the sections from 
the intestine the leucocytes were found loaded with an excess of iron, so 
much so that the ammonium sulphide gave them the appearance of 
huge collections of greenish black granules. In some parts of the 
intestine they were collected in large numbers under the epithelium — 
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with a few situated in the latter layer, but in other parts, especially near — 
the vent, where naturally the bulk of the injected fluid collected, they 
were present in very large numbers in the epithelial layer, many of them 
fixed in all shapes and while migrating with their load of iron compound 
into the cavity. The best preparations which I obtained, however, were 
those from the unopened portions of the intestine, for here the contents 
were retained in the sections. A very large number of leucocytes 
excessively charged with iron were found in the cavity and others were 
fixed in the act of passing into it, while in the sub-epithelial leucocytes 
the iron was abundant. In all the preparations the epithelial cells 
themselves were comparatively free from the iron compound. 

In guinea-pigs fed with the chloride, phosphate, or sulphate of iron, 
I have not found that the leucocytes were similarly affected, even when 
these preparations were given without food, nor does the iron present in 
the ordinary food of the animals produce a like effect, although in all 
these cases the leucocytes gave unmistakeable evidence of the ee 
of these compounds. 

It follows from the results of those experiments that inorganic and 
albuminate compounds of iron are absorbed, at least in the portions of 
the intestine near the pylorus, and in all parts of the small intestine 
_ when the iron compound is not precipitable on mixture with the bile 
and the pancreatic juice. Undoubtedly also, sulphides in the bowel must 
remove from solution a quantity of iron in proportion to their abundance. 

In ordinary diet the extent of the mucosa which absorbs iron must be, 
in proportion to that which does not, remarkably small, It may possibly 
be that in the human subject when the iron is specially increased the 
extent of the absorbitig surface is increased, the more so when there is 
a diminution in the amount of pancreatic and biliary fluids, a condition 
possible in anemias. The view held by some that iron-salts are not 
absorbed and that these exercise their effect by stimulating the mucosa 
to greater physiological activity, is opposed by the results of these 
experiments. If iron salts stimulate, it is because they penetrate the 
epithelium of the mucosa and in doing so are transferred to the under- 
lying elements. In other words, they are absorbed. But the extent of 
the absorbing area is limited; so likewise must be the extent of the 
area supposedly stimulated and, therefore, the beneficial effects of the 
stimulation of the mucosa alone must be small. What then is the 
purpose served by the absorption of iron salts? Leaving out of con- 
sideration the possible answer that the iron of such combinations 
becomes assimilated, that is, is united in the animal cell with other 
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constituents to form what the histologist calls chromatin, we may 
discuss some explanations of its effects, The experiments with the 
feeding of “ peptonate” and of albuminate of iron are, of course, too few 
to enable one to infer anything concerning the action of iron-holding 
proteids of this character, but all the experiments without exception 
indicate that the leucocytes have a special affinity for inorganic and 
albuminate compounds of iron, and it is not too much to infer that this 
_ affinity involves a stimulating or chemiotactic effect upon the leucocytes, 
and that iron salts exercise an effect on other cells corresponding to 
their function. 

The number of leucocytes which are engaged at any one time 
in the absorption of iron is comparatively small, owing to the small 
extent of the intestinal mucosa bathed by a solution of an iron salt, and, 
therefore, the stimulating effect would appear to be small, but it must 
be remembered that, with the constant stream of iron-holding plasma . 
and iron-holding leucocytes from the villi in the upper portion of the 
small intestine to the liver, spleen, etc., the other cells of the body, 
including leucocytes with little or no inorganic iron, are put in position 
to obtain some of that absorbed. There is also another way in which 
the question may be viewed. Inorganic compounds of iron, like those of 
calcium, potassium, and sodium, have been, since the dawn of animal life 
on the globe, constituents of its media, and of its food, and it is possible 
that the animal cell has, in acquiring a tolerance for them, accommo-— 
dated its functions to their presence and has established with them a 
physiological equilibrium which it may be impossible to maintain in 
the absence of such compounds. - The view that the iron of inorganic 
combinations goes directly into combination with nuclein and albumin 


~ "to form chromatins, is one that may in the future be proved correct, 


but whether it will happen so or not, it is not now, nor apparently 
will it be then, incompatible with the explanations of other possible 
functions of iron salts like those just referred to. 

In investigating the absorption of iron I had opportunities for deter- 
mining the mode of excretion, when the iron absorbed is in excess of 
the needs of the organism. The material illustrating this was obtained 
from two guinea-pigs, one of which was given a very large quantity of 
the “peptonate” preparation of iron, while the other received a corre- 
spondingly large dose of ferrous sulphate. The secretion of the Lieber- 
kiihnian glands of the animal fed with the “ peptonate” gave an intense 
iron reaction, and this was the case not only with the small intestine 
but also with the coecum and upper portion of the colon. In the 
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superticial epithelium of the two latter parts there was no evidence of 
either absorption or secretion of iron compounds. In the cells of the 
Lieberkiihnian glands no iron reaction could be obtained, nor was it 
obtained in the same structures in the preparations from the animal fed — 
with ferrous sulphate, although in the latter case the secreted material 

- in the lumina of the glands appeared to consist, in large part, of an iron 
compound. Possibly the explanation for this is that the cells rapidly 
transfer with the secretion the iron compound to the lumen and in 
excessively small quantities at any one moment. The kidneys in both 
animals gave a very slight diffuse reaction for iron not confined to any 
part of the organs. It was only in the animal fed with ferrous sulphate 
that the liver yielded more than ordinary evidence of the excretion of 
iron. The periphery of the lobules gave an intense iron reaction partly 
diffused through the hepatic cells, and partly localized in granules 
situated in that part of each cell bordering on the bile capillary. The 
latter gave a feeble reaction for iron, especially at the periphery of the 
lobules. The epithelium of some of the bile ductlets contained free 
iron, probably absorbed from the bile. 

In man the liver and kidney are the most active organs in the 
excretion of iron. This has been shown by the observations of Hunter’, 
Mott’, and others on cases of pernicious anemia. In the liver and 
kidney from a patient, who had died from a complication of troubles in 
- which pernicious anemia was supposed by some to be a factor, I found 
this excretion illustrated to a remarkable degree. The bile capillaries 
were, in some parts of the sections, filled and distended with secreted 
iron compounds. Where this was the case the cells surrounding a 
capillary were almost free from inorganic iron compounds, but where 
the capillary was feebly or not at all injected, then the portion of each 
cell touching the capillary was loaded with granules of a ferric com- 
pound, The sections of the cortical portions of the kidneys gave an 
exceedingly intense reaction for iron, which, on examination under the 
microscope, was found chiefly in the convoluted tubules, the cells of these 
exhibiting both a diffuse and a localized reaction, the latter given by an 
abundant collection of granules distributed in that half of the cell 
adjacent to the lumen. The intestine in this case yielded no evidence 
whatever of the excretion of iron. 

The results of experiments on guinea-pigs and of observations on 
cases of pernicious anemia show that, in different animals, the organ for 


1 The Practitioner, Vol, xui11. 1889. 
2 Ibid. Vol. xuy. 1890. 
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the excretion of iron may not be the same when this is greatly in excess. 
This fact has, to a certain extent, been illustrated also in a rutting bitch, 
in the intestine, liver and kidney of which I could find no evidence of 
excretion of iron; but sections of its uterus, after being hardened in 
alcohol, gave in a few seconds a marked reaction for iron confined to the 
mucosa. Closer examination of these resulted in showing that the iron 
was deposited in three situations: in leucocytes scattered in large 
numbers throughout the inter-glandular elements, in the cells of the long 
convoluted glands, and in the secretion found in the lumina of these. 
_ The leucocytes were very much enlarged, the enlargement apparently 
being due to the brownish masses of iron which they contained. The 
iron appeared to be in the phosphate form. The cytoplasm gave a reac- 
tion also for iron. In the gland cells the iron was both diffused through 
the cytoplasm and localized in the form of a row of granules immediately 
adjacent to the lumen of the gland. The diffuse reaction obtained was 
slight, but that obtained with the granules was an intense one, and the 
arrangement of the granules seemed to suggest that they were caused 
by precipitation, in an inert portion of the cell, of iron which had been 
in solution in the more active parts of the cytoplasm. The substance in > 
the lumen of each gland gave a weak, but still distinct reaction for iron. 
Whether the leucocytes in the inter-glandular tissue carried the iron to 
the mucosa from other parts, or obtained it by absorption from the 
lymph bathing them, it was not possible to determine definitely. I 
could find no leucocytes in the blood vessels which contained inorganic 
iron compounds, and this, considered in connection with the large size of 
the iron masses in the inter-glandular cells, suggests that the latter 
derived their iron from the lymph of the inter-glandular tissue. In this 
case the lymph must have been also the source of the iron in the gland 
cells. 
Why different organs in different animals should serve for the 
excretion of a great excess of iron, it is difficult to say. Possibly this 
depends on differences in the degree of activity which the organs present 
in different animals. It is quite as difficult to say why the kidney in 
some cases of pernicious anemia and not in others should give such 
marked evidence, in the convoluted tubules, of the excretion of iron. 


II. The Absorption of Organic Iron Compounds. 


The expression “organic iron compounds” includes two chief classes 
of substances :— 
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1. The assimilated compounds of iron; that is, nuclein and related — 
compounds, including Bunge’s hematogen. These may be conveniently 
termed the “ chromatins,” 

_ 2. Compounds produced by a degenerative process from the first 
class. This includes hemoglobin, melanin, and lardacein. 

I have limited ” investigation to representations of the chromatin 
class. 

Bunge believes that hematogens are formed only in vegetable life; 

and constitute the only compounds of iron which are absorbed by 
animals, 
_. Feeding experiments with these substances have been made by 
-Socin’ and Busch*. In one experiment Socin found the amount of 
ingested iron exceeded that in the excreta. In the other two experi- 
ments the reverse was the case. These experiments were made on 
dogs. With mice he found that iron-free food mixed with organic or 
inorganic iron compounds did not sustain life any longer than food free 
from iron, whereas control animals fed on a more natural food (coagulated 
egg-yolk) lived healthily. Busch from analyses of the iron in the urine 
after feeding on hematogen, haemoglobin and hematin, concludes that 
_ of these heematogen is least absorbable. Bokay* found that nuclein is 
not digested by artificial pancreatic juice, that it leaves the body 
chiefly in the faces, and causes but a slight increase in the urinary 
phosphates‘. 

I began my own observation by feeding lake-lizards (Necturus 
lateralis) on chromatin isolated by artificial gastric digestion from 
lambs’ testicles. The lizards were killed, and the intestines investigated 
by the micro-chemical methods already described. The results were 
negative. I then fed mice on chromatins mixed with starch and lard ; 
they died in from six to fifteen days with symptoms of diarrhea. They 
also died in a few days when the chromatin was mixed with coagulated 


2 Kobert. Loc. cit. | 

3 Zeitsch. f. physiol. Chem. Vol. 1. p. 157, 1877—8. 

* In Gumlich’s experiments, a description of which was recently published (Zeit. fiir 
pat Chemie, Vol. xv1u., parts 5 and 6, p. 508, 1894), the absorption of nucleinic acid 
in the dog appeared to be shown by the increase in the amount of phosphorus excreted 
in the urine after the administration of a quantity of compound.—P. M. Popoff (ibid. p. 
_ 583) found that nuclein compounds enter into solution only in very small quantities in 
gastric digestion but in greater quantities as the result of the action of artificial pancreatic 
juice, and he points out that the occurrence of such compounds in a dissolved form is all 
that is necessary for their absorption in the intestinal tract. 
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egg-yolk, but thrived well on the egg-yolk without such admixture. I 
also gave to a lake-lizard the fluid from an artificial pancreatic digestion 
of nuclein; this fluid, however, contained little if any nuclein in solution, 
and micro-chemical investigation of the lizard’s intestine gave negative 
results. 

The failure of all these experiments led me to use a less abnormal 
kind of food; and, since, according to Miescher’, egg-yolk itself con- 
tains 1 to 1:5 per cent of nuclein (hematogen), that food substance 
’ appeared likely to yield the best results. | 

I used unboiled egg-yolk, for when egg-yolk is hard-boiled the yolk 
spherules become thereby fixed in form, and the chromatin-holding © 
particles are set free only when the spherules are digested, but when 
the yolk is administered fresh the spherules readily undergo fragmenta- 
tion and the chromatin-holding particles are liberated and put in a 
form in which the epithelial cells, if they possess the power, can invagi- 
nate them. In the spherules the chromatin is partly in a granular form’ 
and, apparently, partly as envelope material to its fat globules, the latter 
varying in size and shading off into the small granules in such a way 
as to suggest that the latter are also fat globules of almost infinitesimal 
size surrounded by chromatin. Fig. 14 gives a representation of two 
yolk spherules which were fixed by heat and in which the iron, set 
free by sulphuric acid alcohol, was converted by ammonium sulphide 
into the sulphide. In it can be seen smaller and larger fat globules 
surrounded by an iron-holding envelope. The fat is, therefore, closely 
associated with the chromatin, and as we know the former is in some > 
way absorbed by the intestinal epithelium, the conclusion did not 
appear to be a strained one that both constituents are absorbed 
together. 

The first experiments were made with mice. The animals were 
isolated and fed for periods ranging from five to fifteen days with fresh 
egg-yolk and preparations of the small intestine were made in various 
ways to determine the effect. Owing to the liquid or semi-liquid form 
of the food the animals partook but slightly of it, and consequently 
there were found in the intestinal epithelium no very marked indica- 
tions of absorption, even of fat. In a series of preparations from one 
of the animals which was allowed to live for the longer period, I found 
that, in the internal or lower half of each epithelial cell, the protoplasm 


1 Miescher. Hoppe-Seyler’s med. chem. Unters. Pt. 4, p. 502, 1871. 
2 Miescher (loc. cit.) localised the nuclein which he discovered in egg-yolk in the 
granules of the yellow yolk spherules. 
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possessed a greater capacity for staining matters like eosin than is 
exercised by the same cells ordinarily and, further, that this same 
protoplasm was denser and more finely granular. Owing to the small- 
ness of the sections, manipulation with acid alcohols to set free the 
masked iron’ to determine if this staining capacity was due to chro- 
matin, did not meet with much success, although the teased-out cells 
after hardening in alcohol and long treatment with warm ammonium 
hydrogen sulphide and glycerine gave results which seemed to support 
that view. These experiments, however, indicated the direction in 
which my succeeding observations were to be conducted. 
: A large number of guinea-pigs were then fed for different periods 
with undiluted yolk in excess. Each animal was given about 10 c.c., 
three times a day, administered by the mouth by means of a glass 
pipette, and when it was killed the small intestine was removed and 
hardened, one part in alcohol and another in corrosive sublimate. The 
sections from the sublimate preparations made with paraffin and fixed 
on the cover glass by Gaule’s method, were either stained with 
hematoxylin and eosin, or put through nitric acid alcohol for 8—10 
hours at 35°C. and then treated with the acid ferrocyanide mixture to 
determine the distribution of “masked” iron. The alcohol material 
was also treated in the same way, with this exception, that the sections 
were fastened to the cover slip with collodion before the paraffin was 
removed, and when the sections were made by the celloidin process — 
they were passed directly through nitric or sulphuric acid alcohol. The 
results of these experiments and methods were very interesting. 

In the guinea-pig, as ordinarily fed, the “masked” iron exhibits in 
its distribution in the epithelium of the intestine very little difference 
from that represented in fig. 6, in which the iron is shown in the 
chromatin of the nuclei and in a narrow zone immediately about some 
of the nuclei, but in preparations from animals fed with yolk for two or 
three days, the epithelial cells situated on the sides of the villi and 
below the tips of the same have the iron distributed as represented in 
fig. 7, in which the whole of the protoplasm in the lower half of each 
cell and in the leucocytes below give a uniformly diffuse Prussian blue 
reaction. The epithelial cells at the tips of the villi are so much 
distorted by the fat present in them, that a division of each into an 
internal and external part is impossible, except in some cases where 
the absorption of fat has ceased to take place. In preparations stained 


1 The method here referred to will be described at full length, in a forthcoming paper 
on the distribution of assimilated iron in amimal and vegetable cells. 
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with hematoxylin and eosin, the cells immediately below the tip give 
usually the appearance represented in fig. 8, but with this exception, 
that the bodies enclosed in cavities of the protoplasm in the external 
half of each cell shown in the figure are not present in the prepara- 
tions from all the animals fed with egg-yolk. The internal half of each 
‘cell is loaded with finely granular, eosinophilous material in which 
vacuoles are discernible, the outer half having its protoplasm arranged 
in a coarse meshwork, the cavities of which were probably occupied by 
fat globules. The nuclei in the majority of these cells contain an 
eosinophilous substance filling the spaces left by the chromatin network. 
In some villi the absorption of fat had occurred to such an extent that 
the epithelium was separated from the underlying tissue, as represented 
in the figure, and in these cases one sees sometimes a condition which 
explains the destiny of the-finely granular, eosinophilous material in the 
inner ends of the cells. The corrosive sublimate has coagulated a 
proteid material extending from each cell and contaiming some eosino- 
philous granules, This condition I regard as due to internal secretion 
on the part of the epithelial cells, and it has its parallel in the same 
epithelial cells when they are transferring iron salts from themselves to 
the internal elements, a process which I have already described. There 
is a difference, however, in the two in one respect, a difference which 
may only be apparent; in the internal secretion of iron, the latter — 
appears to become dissolved before passing from the epithelial cell 
internally. In the yolk preparations, the eosinophilous material is in a 
granular form, and could one be certain that it was not due to irregular 
precipitation by the corrosive sublimate, it would be an indication that 
the epithelial cell secretes internally matters in a solid or semi-solid 
- forni. The irregular form taken by the secreted matter may be due to 
conditions governing the diffusion of the hardening reagent, but, from — 
the way in which each shred of the hardened proteid secretion is 
arranged in its attachment to an epithelial cell, one is disposed to 
regard it as fixed in the condition which it occupied im the living — 
tissue. Whether this secretion contains “masked” iron or chromatin I 
cannot say. 
Now as in the secreting cells of all sorts, and especially in th 
_ of the Lieberkiihnian glands, secretory activity is associated with the 
presence of a chromatin in the part of the cell remote from the lumen 
(fig. 9), it might be urged that the increase of the “masked” iron in 
the inner ends of the superficial epithelial cells of a villus was due not 
to an iron compound absorbed, but to secretory activity bringing about 
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an increase of the substance governing that process. This objection 
has some force, for so-constantly is the presence of a chromatin 
(prozymogen) connected with the processes of secretion, especially in 
those glands which furnish a ferment, that one hesitates to deny 
the existence of a prozymogen in another phase of cell activity but 
little, if at all, different from that of secretion. The only evidence on” 
, which one can rely to show that some of the chromatin of the yolk was 
absorbed in this case is, that the iron reaction of the liver from an 
animal fed for some time with yolk is of a different character from that 
given by the liver of the animal after its ordinary diet. In two 
- guinea-pigs, one fed for seven days, the other for six, when it died in a 
comatose condition, there was undoubted evidence of the absorption 
of the chromatin, for, in sections of the livers hardened in alcohol, the 
application of warm ammonium hydrogen sulphide for some hours gave 
a reaction which was most marked at the periphery of each lobule, but 
present also in the central zone of the same. The reaction in the 
central portion was more difficult to get and was best obtained when the 
sections were very thin. In these preparations one can determine that 
the iron reaction gradually becomes less intense as one follows the 
tissues of the lobules from the periphery to the centre. In the liver 
_of the animal after ordinary diet the reaction with ammonium hydrogen 
sulphide is obtained only in the outer zone and faintly in the outer portion 
of the middle zone. In these, further, iron in a coarsely granular form 
is almost always found in the cells at the periphery of the lobule, but 
such granules are absent in preparations from the animals fed with 
yolk for some time. . In the latter the iron reaction in the liver cell is a 
diffuse one and it is present in the leucocytes of the capillaries as well. 
What seems to show that this reaction is not due to inorganic or ~ 
albuminate iron, but to that in the organic form, is the length of time 
required to bring it out. These results have been obtained also in 
experiments on Amblystomata. 

In Amblystoma the cellular elements, although not + of the size of | 
those in Necturus, are very large, and as it was possible to obtain these 
animals in numbers sufficient for experiments in this line, I used them 
for this purpose. The yolk was given through a glass pipette, in- 
troduced through the. mouth into the stomach, and in quantities 
corresponding to the size of the animal. Owing to the ease with 
which they may. be fed, and because of the retention on the part of the 
stomach of what is so given, these animals are very suitable objects 
for experiments of this sort. Now, in those recently captured or kept 
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in captivity for a week or so without being fed, there is comparatively 
little inorganic iron in the liver, no more, in fact, than there is in the 
liver of Necturus after long captivity, and in sections of the liver of 
such, when hardened in alcohol and treated with nitric acid*alcohol, or 
sulphuric acid alcohol, to set free the “masked” iron, the latter is 
wholly confined to the nuclei of the cells. When, however, yolk is 
given daily in such quantities as are retained to these animals for a 


_ period of four days or more, the liver cells, which are loaded with fat, 


present a different reaction. When hardened in alcohol, sections of the 
liver give, after treatment with sulphuric acid alcohol or nitric acid 
alcohol for sixty hours, a reaction for iron like that shown in fig. 18. 
The cytoplasm of the hepatic cell, arranged in a coarse meshwork 
enclosing the fat droplets, carries in its trabecule irregulariy shaped 
masses of iron-holding substance which are sometimes extended along 
and in the trabecule. The nucleus gives the usual reaction for 
“masked” iron. The iron in the cytoplasm is of the “masked” 
character, for isolated cells mounted with a mixture of ammonium 
hydrogen sulphide and glycerine, and kept at a temperature of 60°C., 
gave an iron reaction in the masses in the cytoplasmic trabecule only 
after three days, which became more marked on the fifth day. The 
nuclei in these cells gave but a feeble reaction for iron owing, apparently, 
to the fact that the “masked” iron in the cytoplasm had used up all 
the decomposing energy of the sulphide and therefore, apparently, 
little of the active reagent reached the nuclei. That the iron in the 
masses of the cytoplasm is not due to the diffusion from the nucleus, was 
shown by the non-occurrence of such iron compounds in the cytoplasm 
of hepatic cells from Amblystomata recently captured, or kept in 
captivity without food. In those Amblystomata, in the intestine of 
which on capture, food matters, such as mollusca, worms and insects, 
were found, the cytoplasm of the hepatic cells gave no reaction for 
“masked” iron. The difference in this respect between the liver cells | 


of the recently captured or fasting animal, and those of the animal 


which had been fed for several days with egg-yolk, was readily shown 
by putting thin sections of the organs, hardened in alcohol, taken 
from animals in the two conditions, into the same dish of sulphuric 
acid alcohol for three days. At the end of this time treatment of the 
two kinds of sections with the acid ferrocyanide mixture gave different 
results in both cases. In both the nuclei exhibited an equally intense 
iron reaction, but in the cytoplasm of the cells from the fed animals, 
the masses of the trabecule were as distinctly iron-holding as in the 
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cells treated with ammonium hydrogen sulphide, while the cells from 
the livers of the other animals exhibited no such reaction. 

This subjection of sections to treatment under exactly the same 
conditions, considered in connection with the results obtained by using 
‘ammonium hydrogen sulphide, shows that the iron found in the masses 
situated in the cytoplasmic trabecule was due to a “masked” combina- 
tion there placed. That it was a chromatin was shown by its capacity 
for taking up staining matters. In sections of the liver in this case, 
when hardened either by the alcohol or corrosive sublimate method 
and stained with hematoxylin, safranin, or eosin, the cytoplasmic 
masses were coloured, though not as deeply and intensely as the 
nuclear elements, yet as distinctly as the latter. In sections from the 
liver of the unfed or recently captured animal, when similarly treated, 
there was a complete absence of such stainable material in the cyto- 
plasm. When sections of the liver from the fed animal were treated 
with sulphuric acid alcohol to set the “ masked” iron free and subjected 
to the Prussian blue reaction, subsequent staining with safranin gave a 
@iolet-like combination of the blue and the safranin red in the chro- 
matin of both the cell and the nucleus. 

That the cytoplasmic chromatin in this case comes from the 
chromatin of the yolk, and is not due to a prozymogen called into 
existence by the abnormal quantity of food matter in the hepatic cell, — 
I tried to show by feeding Amblystomata with olive oil. In those fed 
with yolk the hepatic cells were very greatly loaded with fat. A 
similar excess of fat in the liver cells was obtained by feeding with 
oil, but in these there was no cytoplasmic chromatin. 

In thin sections from the intestine of the Amblystoma fed on egg- 
yolk, the presence of “masked” iron compounds in the cytoplasm of 
the epithelial cells was not indicated readily, owing to the abundance 
of fat in the same. The more active the absorption of the yolk 
elements had been, the less, therefore, was it possible to demonstrate the 
existence of cytoplasmic chromatin. I have found, however, as in the 
intestinal epithelium of guinea-pigs after they are fed on yolk for some 
time, that the inner portion of each epithelial cell not overloaded with 
fat, was filled with an eosinophilous, finely granular material from which 
sulphuric acid alcohol sets free iron. I found also that if an Amblystoma 
is fed for several days with yolk and then allowed to fast for several 
days, in its intestinal epithelium now freed from fat there is, as shown 
by sulphuric acid alcohol, a slight amount of “masked” iron diffused 
through the cytoplasm. Whether this is costes from the yolk, or is 
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that of a prozymogen, it is as difficult to decide as in the case of the 
intestinal cells of the guinea-pig under similar conditions. 

There is a difference between the chromatin of the yolk and that 
of the hepatic cytoplasm of an Amblystoma fed with yolk, which is 
probably to be explained as due to a chemical transformation effected 
by the absorbing cells or by the liver cells. According to Bunge’ ) 

_ the chromatin of egg-yolk, or hematogen, as he terms it, when oe i 
isolated, gives no immediate reaction with ammonium sulphide, but | 
after the lapse of half-an-hour, a slight green colour appears which, in 
the course of several hours, deepens to an intense dark green, and 
several days after becomes black and opaque, the various appearances 
being hastened by increasing the volume of ammonium sulphide added. 
I find that the addition of ammonium hydrogen sulphide to fresh yolk, 
calls forth in two or three minutes at most the fullest iron reaction of 
which it is capable, The difference in this respect between isolated and 
unisolated yolk chromatin, is to be explained by the finer division and — 

distribution of the latter in the spherules which the reagent disin- 

_..tegrates and partially dissolves before attacking the chromatin, and by 

t 


consequently readier action of the sulphide. When, on the other 

the spherules have been fixed by heat or by alcohol before subjec- 

tion to ammonium hydrogen sulphide, the iron reaction is almost as slowly 

obtained as in the case of the isolated yolk chromatin, the slowness of 

the reaction being partly caused by the difficulty with which the sulphide 

penetrates the spherules. In the livers of Amblystomata fed with yolk 

' the cytoplasmic chromatin is readily reached by the ammonium hydro- 

gen sulphide, but it takes several days to give the iron reaction, this 

indicating that the iron there is more firmly held than it is in the yolk. 

: This difference corresponds to that found in the yolk as it is being 
4 assimilated in the developing larve of Amblystoma. In these the yolk 
1 chromatin is in form of homogeneous spherules which, when fresh or 
hardened in alcohol, give, in a minute or two after treatment with 

ammonium hydrogen sulphide, a dark green reaction for iron, also 

shown, though less readily, by the nuclei of the cells containing 

the spherules. Until the spherules are completely dissolved by the 

containing cells the nuclei give this reaction, but when they have 

disappeared then the iron reaction in the nuclei is obtained with as 

great a difficulty as it is in those of the adult animals, In other words, 

the yolk chromatin, as it is assimilated, undergoes a change whereby 


1 Loe. cit. I have elsewhere criticised Bunge’s description of this componnd and 
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the iron in it is more firmly fixed or more “masked.” It is extremely 
probable that the difference between the chromatin of hen’s egg and 
that of the hepatic cytoplasm of Amblystomata fed with it, is to be 
explained in the same way’. 

The yolk of old or stale eggs gives, with ammonium sulphide, the 
iron reaction almost immediately, and is, in this respect, more suitable 
than the fresh yolk to determine if the absorption of yolk chromatin 
obtains, I made two experiments with it, one with a guinea-pig kept 
without food for seven days, the other with a lake-lizard which had 
been kept without food for over two years. 

The guinea-pig was killed five hours after it was given 12 c.c. of 
stale yolk, and parts of the small intestine and the liver were removed 
and put into alcohol. Pieces of both organs were, in the fresh condi- 
tion, teased out on the slide in a drop of ammonium hydrogen sulphide 
and immediately examined under the microscope. The preparations 
from the liver yielded nothing distinctly demonstrating that absorption 
had taken place, but in the tips of the villi in which fat absorption 
was prominently shown, there was a dull green colour apparently 
confined to the sub-epithelial elements. The fat-holding epithelial 
cells of the fresh villi were easily removed in some instances by teasing, 
and in some of these denuded villi appearances were obtained with 
ammonium hydrogen sulphide which resembled that represented in 
fig. 10. Here greenish granules were found in the adenoid tissue and 
the leucocytes which, in some instances, were collected in groups 
immediately under the epithelial layer. Halfway down the villus the 
greenish reaction became indistinct. In sections of the villi hardened 
in alcohol, the ammonium hydrogen sulphide gave a green reaction most 
frequently confined to a zone immediately below the epithelium of the 
tips of the villi, but sometimes extending into the lower ends of the 
epithelial cells themselves. The reaction of the sub-epithelial zone 
was chiefly in the leucocytes, and in these the iron was rarely in the 
| 1 Some change takes place in the iron-holding substance in the cytoplasm of the 

hepatic cell in Amblystoma, as shown by its staining reactions. In the animals fed with 
egg-yolk for some time, the hepatic cells, when hardened with alcohol or corrosive 
sublimate and stained with hematoxylin and eosin, were found to contain, in that part 
next the blood capillary, eosinophilous masses and in that part adjacent to the bile 

capillary masses which had a violet stain. Both species of contents were formed of an 
organic iron compound and between both there were transition elements in which the 
affinity for hematoxylin was as great as that for eosin. It would appear as if the 


eosinophilous substance which, judging from its position, is possibly derived by the cell 
from the blood, becomes converted by the cell into that substance which manifests a 


greater affinity for hematoxylin, | 
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granular form observed in the fasting animal or in one fed on adie; 
diet. This difference indicates that the iron in these cases is derived 
from different sources. The difference between the disposition of the 
-jron in the fresh villus, and that found in the villus hardened in alcohol, 
is to be attributed to the ammonium hydrogen sulphide altering the 
arrangement and character of the sub-epithelial elements when these 
were fresh, and to the extraction by the alcohol of the fat droplets and 
globules in the leucocytes which, consequently, were more uniformly 
coloured by the reagent than was the case with the fresh. elements. 

There was evidence of the transference of yolk chromatin from the 
epithelial cells to the underlying elements, and this was found in those 
villi in which the process of fat absorption had not distorted the cells. 
Sections of these villi, obtained from material hardened in alcohol, 
when treated with ammonium hydrogen sulphide, gave preparations 
like that of which fig. 12 is an illustration. The inner portions of 
some of the cells at the extreme tip of a villus gave a faint greenish 
reaction immediately after the reagent was added, but in the corre- 
sponding portions of other epithelial cells the reaction was given also 
by granular elements lying between and among the fat droplets. 
When the cell was loaded with fat the greenish reaction was not 
obtainable. The underlying leucocytes appeared, frequently, placed 
against the lower ends of the epithelial cells, and when this was the 
case the greenish granules in the latter were accompanied by similar 
_ elements in the more superficially placed leucocytes. The iron com- 
pound in the lower portions of the epithelial cells differed, in the 
readiness with which it reacts on the addition of the sulphide, from 
that found in the same structures when fresh yolk was fed, as in the 
earlier -experiments. 

The lake-lizard, five hours after 4c.c. of stale yolk was injected into 
its intestine, was killed and the intestine removed, cut open and ‘put 
into alcohol. Sections, as well as teased-out portions of the hardened 
mucosa, were examined when mounted in a mixture of the sulphide 
and glycerine, both before and after the application of warmth. The 
results of this experiment were not as decisive as those of the last 
described, for the reason, apparently, that as the digestive and ab-- 
sorptive powers had been so long unused, a longer time than five hours 
for the absorption of the yolk should have been allowed. The yolk 
had mingled with mucus and in many places formed with it a coagulum 
which, even in the fresh state, came away leaving the surface of the 
mucosa perfectly clean. In other parts, chiefly at the tips of the 
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longitudinal folds, fat absorption had occurred, causing an extra- 
ordinary distortion of the epithelial cells and amongst these, shaped 
and moulded by the fat-loaded cells, were leucocytes which also held 
fat and at the same time gave a very strong iron reaction with 
ammonium hydrogen sulphide. Below these points there were large 
collections of leucocytes with scarcely less iron than had those amongst 
the fat-holding epithelial cells. Leucocytes were also found in the tips 
of other folds projecting beyond the free border between fat-holding 
epithelial cells, the part projecting being surrounded by yolk and 
containing both fat and iron compounds. That a portion of this 
iron was of the organic form was shown by the fact that the reaction 
first obtained with ammonium hydrogen sulphide became deeper when 
the preparation was kept for an hour at 60°C. It of course does 
not follow that this was derived from the yolk, but that they received 
a part of it from this source, appeared to be indicated by the greater 
abundance of iron-holding leucocytes under those tips of. which the 
epithelial cells were loaded with fat. 

How the chromatin is transferred to the liver I cannot say definitely, 
but the capacity of the leucocytes for carrying inorganic compounds 
of iron and the occurrence of iron-holding leucocytes in the capillaries 


_ of the liver of an Amblystoma fed for a time with yolk, gives a basis 


for the opinion that they are the chromatin carriers. Furthermore, we 
know that in the performance of their function as phagocytes they 
invaginate and dissolve the remains of disintegrated cells, and there 
is very little apparent difference between this and that of taking up 
particles, holding chromatin, which may reach them through the process 
of internal secretion already described. This view would explain the 
occurrence of leucocytes which gave the diffuse iron reaction in the villi 
of guinea-pigs fed with stale yolk. 

There remains another question: How does the chromatin of the 
yolk gain access to the interior of the epithelial cells? Upon this point 
I have not much to offer, although I have often endeavoured to 
determine the mode of entrance. The-intimate relations of the fat and 
the chromatin in the yolk suggest that the method of absorption of. 
both is the same, that is, that when the epithelial cell takes in fat, 
it also receives the chromatin which appears to form envelopes for 
the most minute fat particles in the yellow yolk spherule, The ~ 
chromatin of yolk would, when deprived of its intimate association 
with fat, therefore, be unabsorbable, even though mechanically mixed 
with a quantity of the same. This would explain some of the results of 
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Socin’s experiments already quoted. That investigator fed mice with 
pure hematogen (of yolk) mixed with the proteids of serum, hog’s 
fat, and starch, and found that the animals did not live as long 
as those fed on absolutely iron-free food, while those fed on hard- 
boiled egg-yolk mixed with starch and cellulose lived and throve on 
the diet. If the fat of yolk assists in the absorption of its chromatin, 
then yolk from which the fat has been extracted with ether, mixed 
with hog’s fat and starch, ought to give the same result when fed to 
mice as was obtained in Socin’s experiments with pure hematogen 
mixed with other food elements. The result of such an experiment 
would indeed be interesting. 

As already mentioned, I have made frequent attempts to determine 
how the particles of chromatin enter the epithelial cells. I have in all 
of these used alcohol material, which was teased out on the slide and 
mounted in glycerine and ammonium hydrogen sulphide. The idea with 
which I made these attempts was that the chromatin particles, rendered 
greenish by their iron reaction, ought to be easily seen with careful 
adjustment of light and the best optical appliances obtainable. Of all 
‘these endeavours but one seemed to give good results. This was 
furnished by the epithelium of an Amblystoma which had, 24 hours 


before being killed, been artificially fed with yolk. The appearances to 


be described were found in isolated spots only on the tips of the 
longitudinal folds in the intestine. The free margin of the cell was 
covered with granular matter from the yolk, in which one could see very 
minute fat globules intermingled with particles having a greenish colour. 
The line of separation of this material from the striated border was, in 
the majority of the few cases observed, not distinct. The striated 
border did not give the usual appearance, the striae being apparently 
replaced, each by a row of oval vesicles with greenish envelopes. With 
15 mm. apochromatic immersion (Zeiss) and compensation ocular 4, 
the vesicles could be seen connected by a grayish line. On the proto- 
plasmic side of the margin were also minute vesicles with greenish 
envelopes, apparently of the same character as those in the striated 
border and the reticulated protoplasm itself had a slightly greenish 
tinge (fig. 15). Whether the oval vesicles in the margin were in the 
rodlets (Stabchen of the Germans) or between the same it is not 
possible to say, for in this case one deals with structures which, in their 
size, and optical properties, approach the limits of microscopic vision. 
It was also impossible to determine whether these vesicles were being 
invaginated by the epithelial cells or were mechanically entangled by 
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the rodlets, It may, in fact, he that the oval vesicles were not 
connected with absorption at all and that they were merely appearances 
in the rodlets, although, on this view, the green reaction in their 
envelopes would be difficult to explain. That the rodlets are not 
always simple structureless elements, I have, several times, found to be 
the case in preparations from the guinea-pig (fig. 11), in which each 
rodlet appeared to be a series of beadlets or granules. These may have 
been produced by the reagent used, but their occurrence indicates that 
the rodlets are not homogeneous elements. Heidenhain'’ observed in > 
the salamander, the dog and the cat, a thickening of the lower end 
of each rodlet. In my preparations the basal granule of each rodlet 
was most distinct. 

It does not appear that the absorption of shiealie: and fat goes on 
in the proportion in which they occur in yolk. In sections, made by 
the celloidin method, of the intestinal mucosa and its adherent yolk, 
from an Amblystoma fed with yolk, I found above and resting upon 
the epithelium, here and there, homogeneous clumps of chromatin 
which are not found in the yolk in its ordinary condition. When these 
sections are for some time kept in contact with ammonium hydrogen 
sulphide at 60°C., the clumps give a decided iron reaction. The 
occurrence may be explained by the existence, on the part of the 
epithelial cell, of a capacity for the absorption of fat greater than 
that for the absorption of chromatin. 

I have already referred to the occurrence of bodies in: the outer 
halves of the intestinal epithelial cells in preparations from a guinea-pig 
which had been fed with yolk for thirty-six hours. These elements are 
not iron-holding, as they do not yield any iron reaction after treatment 
for days with ammonium hydrogen sulphide, or after treatment with acid 
alcohols, They possess, however, a greater affinity for dyes like eosin 
and aurantia than the surrounding cytoplasm, and solutions of Ehrlich’s 
hematoxylin give them a feeble violet colour. Like nuclear chromatin 
they absorb and tenaciously hold mineral reagents, as, for example, 
ammonium molybdate* and this fact, considered in connection with their 
capacity for absorbing dyes, would seem to suggest that they belong to 
the nuclein class of compounds. Somewhat similar bodies have been 
observed by Heidenhain® in the epithelial cells of the intestinal villiin — 

1 Archiv fir d. ges. Physiol. Vol. uxm. Supplement, 1888, 


* As employed by Lilienfeld and Monti to determine micro-chemically the ogame 
of (Zeit. fiir Chemie. ‘Vol. xvm. p. 410). 
Loc. cit. 
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a new-born pup which had suckled, and he has figures also, in one of the 
plates accompanying his paper, of a portion of a villus from a rabbit after 
_ being fed with milk, in the epithelial cells of which are shown a number 


of similar bodies. He found their size and number to vary in different 
cells, while they were absent in the foetus and in a pup twelve days old. 


He regarded them as albuminous excretions from the protoplasm which 


appear at the commencement of the absorptive process, but gradually 
vanish. If the bodies which I find in my preparations are of the same 
nature as those described by Heidenhain, a different explanation of 
their origin appears necessary. It is remarkable that they should occur 
after the commencement of milk or yolk feeding, and as both foods con- 
tain proteids intimately associated with the fat globules, the absorption 
of the proteids, as well as of the fats, must entail upon the cells the 
_ disposal of some of the former which are at first physiologically 
cumbersome as it were, and which, possibly, are disposed of temporarily 
in the form of these protoplasmic masses. The casein of milk and the 
vitellin of yolk, both phosphorus-holding compounds, may thus 
contribute to their formation. The only difficulty experienced in 
accepting this view of their origin is that it does not explain, in 
the results obtained with a yolk diet, why these elements are absent 
where the yolk absorption goes on most vigorously, that is, in the cells 
at the extreme tips of the villi, while they are present in those cells-in 
which yolk absorption is less active, and why also these elements are 
absent after two days of a yolk diet. Further investigation is necessary 
upon all these points. 


SUMMARY. 


1, The experiments on the administration of inorganic compounds 
of iron to guinea-pigs and other animals have resulted in showing that 
the intestinal mucosa absorbs these to an extent which varies with the 
nature of the compound and with the quantity of it given. When the 
dose is small, absorption occurs only in that part of the intestine 
adjacent to the pylorus and measuring only a few inches in length, yet 
when the quantity given at any one time is large, the absorptive area 
may embrace the whole of the small intestine. In the former case the 
result appears to depend on the complete precipitation, as hydroxide, 
of the iron of the salt unabsorbed, in the thoroughly mixed bile, chyme, 


and pancreatic juice; and in the latter case the large amount of the iron | 


salt, apparently, first destroys the alkalinity of these fluids, the excess 
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of the salt unaffected and remaining in solution then undergoing 
absorption. 

2. The intestinal epithelial cells transfer the absorbed iron at once 
to the underlying elements when the quantity absorbed is small, but 
with a large amount absorbed the epithelial cells are found to contain 
some of it. 

_ 3. Though some of the sub-epithelial leucocytes of the villi appear 
to carry part of the absorbed iron into the general blood circulation, 
probably the more important agent in the transference of the inorganic 
iron from the“villi to other parts of the body is the blood-plasma. 


4. Marfori’s albuminate and the commercial “ peptonate ” of iron, 
when administered to guinea-pigs, seem to stimulate the leucocytes to 
invade the epithelial layer of the intestinal villi. 


5. Of the organic iron compounds belonging to the “chromatin” 
class, that present in egg-yolk (hematogen of Bunge) undergoes 
absorption in the intestine of the guinea-pig and of Amblystoma. In — 
these, but more especially in the latter, after they are fed with egg-yolk 
for several days, the cytoplasm of the liver cells yields marked evidence 
of the presence of an organic iron compound belonging to the “chro- 
matin” class and derived from the yolk fed. 


6. The mode of absorption of yolk “chromatin” is obscure, but the 


process appears, in some way, to be connected with the absorption of . 


the fat with which the iron compound is closely associated in yolk. 


EXPLANATION OF FIGURES. 
Piate XI, 


Note. In the preparation of all the figures (except 15) Abbe’s camera 
was employed and all, with the exception of two, are illustrated as they were 
seen with an immersion apochromatic objective (Zeiss 3 mm., 2 mm. or 
15mm. focus). The exceptions are Figs. 1 and 2, in the drawing of: which 
Zeiss D. was used. i | 

Fig. 1. Section of a villus from the pyloric end of the small intestine 
of a guinea-pig kept on ordinary diet. Alcohol, acid ferrocyanide mixture, 
balsam. x 305. 
. Fig. 2. Optical section of a slightly compressed villus from a guinea-pig 
after the administration of “peptonate” of iron. /, the lacteal vessel. 
Alcoho], ammonium sulphide, glycerine. x 305. 
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Fig. 3. A portion of the mucosa of the intestine in a luke-lizard. 
é, epithelial cells, /, iron-carrying leucocytes, 7, red blood corpuscles, also 
shown to contain inorganic iron. Alcohol, acid mixture, balsam. 
x 620. 


Fig. 4. A portion of the epithelium and underlying elements of an 

intestinal villus of a guinea-pig after the administration of “peptonate” of , 

iron. J, leucocyte, bc, blood capillary. Alcohol, acid ferrocyanide mixture, 

balsam. x 1240. Drawn with the diaphragm of Abbe’s condenser removed 
\ from the microscope. 


Fig. 5. Portion of a section of the liver of a guinea-pig fed with 
“‘peptonate” of iron. J, leucocytes, he, hepatic cells, dc, blood capillary. 
x 1240. Drawn with the diaphragm of the condenser removed. 


Fig. 6. A portion of the tip of an intestinal villus of a guinea-pig kept 
on its ordinary diet, to show the distribution in the cells of the organic iron 
compounds (chromatins), ¢, epithelial cells, /, leucocytes, a, nuclei of adenoid 
elements. In the cytoplasm of two of the leucocytes are found granules of 
an inorganic(?) iron compound. Alcohol, nitric acid alcohol, acid ferro- 
cyanide mixture, balsam. x 1240. Drawn with the diaphragm of the 
condenser removed. | | 


Fig. 7. Epithelium and underlying elements from the side of a villus of 

a guinea-pig on the second day of the course of yolk-feeding, to show the 

distribution of organic iron compounds (chromatins). J/, leucocytes, a, the 

* sub-epithelial “membrane.” Alcohol, nitric acid alcohol, acid ferrocyanide 

mixture, balsam, x1240. Drawn with the diaphragm of the condenser 
removed. 


Fig. 8. Epithelium and soleiivinn elements of a villus of the same 
animal. a, sub-epithelial ‘‘ membrane,” s, the secretion from epithelial cells. 
Corrosive sublimate, hematoxylin, eosin, balsam. «x 1240. 


Fig. 9. Portion of a Lieberkiihnian gland of a guinea-pig to show 

| the distribution of organic compounds of iron (chromatins) and especially 
of those connected with secretion. Alcohol, nitric acid alcohol, acid ferro- 
cyanide mixture, balsam. x620. Drawn with the diaphragm of the 
condenser removed. 


Fig. 10. Portion of a fresh villus of a guinea-pig killed five hours after 
being fed with stale yolk. The epithelium has been removed. Ammonium — 
hydrogen sulphide, glycerine. x 620, | 


Vig: 11, epithelial coll of « villus q 
Alcohol, ammonium hydrogen sulphide, sae x 820. (Zeiss oc. 4, oe q 
imm. mm.) 
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Fig. 12. Epithelium and underlying leucocytes of a villus from the 
same animal, to show the absorption of the yolk chromatin. Alcohol, 
ammonium hydrogen sulphide, glycerine. x 620. 

Fig. 13. A liver cell of an Amblystoma fed artificially for four days 
with egg-yolk. Alcohol, sulphuric acid alcohol, acid ferrocyanide mixture, 
balsam, x 820. Drawn with the diaphragm of the condensef removed. 


Fig. 14. Yolk spherules from a hard-boiled egg, to show the distribution 
of the iron (of the hematogen). In the spherule on the left the elements 
are fewer and coarser. Sulphuric acid alcohol (for 48 hrs.), ammonium 
hydrogen sulphide, glycerine. x 820. (Comp. oc. 4, imm. apochr. 1-5 mm.) 

Fig. 15. Free border of an intestinal epithelial cell of an Amblystoma, 
fed with yolk. jp, cell protoplasm, h, hyaline border, y, elements of yolk. 
Alcohol, ammonium hydrogen sulphide and glycerine (at 60°C. for eight 
hours). (Comp. oc. 4, imm. apochr. 1°5 mm.) 
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THE EFFECT OF STIMULATION AND OF CHANGES 
IN TEMPERATURE UPON THE IRRITABILITY 
AND CONDUCTIVITY OF NERVE-FIBRES. By 
W. H. HOWELL, Professor of Physiology, The Johns Hopkins 
University, Baltimore, U.S.A. (With the Assistance of Mr 
S. P. BUDGETT anp Mr Ep. LEONARD?) (Plate XII.) 


THE effect of warming and cooling upon the functional activity of 
nerve-fibres has been studied with not a little care, as may be inferred 
froma the numerous publications which have appeared upon the subject. 
Most of these published investigations have been limited, for the 
greater part, to an account of the effect of temperature changes upon 
the irritability of the nerve toward artificial stimuli, and have applied, 
with one exception, known to us, only to the nerves of the frog. In the 


experiments which we have made, on the contrary, attention has been 


given maifily to the study of the effect of temperature upon the 
conductivity of the fibres, the chief object being to discover the high 
and low limits within which conduction is possible. It seemed to 
us that a careful study of this point might be of value as bearing upon 
the general nature of the nerve impulse. Moreover by extending the 
observations to take in the non-medullated as well as the medullated 
fibres it was hoped that facts might be obtained which would help us, 
by exclusion if not by direct information, to arrive at some idea of the 
physiological significance of the myelin sheath. The data that we have 
obtained have not been sufficient to base any hypotheses upon, and 
must be offered merely as contributions to general nerve physiology 
with more or less suggestive bearing upon the two points specified. 


The results of previous work upon the influence of temperature _ 
‘upon the irritability and conductivity of nerve-fibre, as far as it is 


known to us, may be stated in a few words. Afanassiew* experi- 


1 The experiments recorded in this paper were made in part in the Physiological 
Laboratory of the University of Michigan and in part in the Physiological Laboratory of 
the Harvard Medical School. 

2 Archiv f. Anat. u. Physiol. 1865, p. 691. 
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mented with muscle-nerve preparations from frogs, and arranged his 
apparatus in such a way that the nerve could be brought into contact 
with oil heated or cooled to any desired temperature. The ‘stimulus 
was applied to the portion of the nerve heated, and the results therefore ~ 
indicate the effect of temperature upon the direct irritability of the 
nerve. The contractions of the muscle were not recorded. Variations 
in irritability were determined by the position of the secondary coil 
necessary to give a minimal contraction. He found that exposure to a 
temperature as low as —8°C. did not destroy completely the irritability 
of the motor fibres, although causing a marked diminution. The high 
point at which irritability disappears was not definitely determined, 
since it varied with the time of exposure to the heated oil. Exposure 
to a temperature of. 65°C. resulted in practically instantaneous death, 
from which recovery by cooling was impossible. Between 50° and 
60° C. the nerve showed rapid changes in irritability, first an increase, 
and then a decrease carried to the point of entire disappearance. In 
the published records of his experiments he describes two cases in which 
a temperature of 44° C. maintained for 24 minutes resulted in a total 


loss of irritability. Bernstein’ found that the conductivity of the 


motor fibres in frog nerves fell rapidly at a temperature of 50°C. or 
over. Edwards? also used frogs. The sciatic nerve was inclosed in a 
warm chamber, the temperature of which could be changed at will. 
The irritability of the nerve was determined by the contractions of the 
gastrocnemius muscle which was on the outside of the chamber and 
protected from the heat. In these experiments, as in those of 
Afanassiew, the stimulus was applied to the part of the nerve heated. 


_ He found that a temperature of 45° to 48°C. suspended entirely the 


irritability without necessarily destroying it, since it could be restored 
upon cooling. With maximal stimulation it was necessary to raise the 
temperature to 53°C. to obtain the same result. The possibility of 
escape of stimulus in this latter case does not appear to have been 
sufficiently guarded against. Albertoni and Stefani (quoted from 
Moriggia, see below) give 0°C. and 50°C. as the upper and lower 
limits of irritability for motor nerves of frogs. Moriggia® states that 
motor nerves of frogs lose their irritability after exposure in water for 
five minutes to a temperature of 46° to 47° C., while if immersed in oil, 


- according to the method of Afanassiew, the temperature must be 


1 Archiv f. d. ges. Physiol. xv. p. 310, 1837. 3 
2 Studies from the Biologtont Laboratory ef the Johns Hopkine Univ. rv. p. 18, 1887, 
3 Moleschott’s Untersuchungen, xtv. 382, 
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raised to 49°C., or over, to obtain the same result. Moriggia calls 
attention to the fact that this difference between the action of oil and 
water applies also to sensory fibres and their sensory terminations, as 
can be demonstrated by immersing the fingers in = and water heated | 
to the same temperature. 

Griitzner’ made experiments upon mammals as well as frogs. He 
records two experiments in which the sciatic nerves of dogs were 
cooled. In one the motor fibres were examined. The nerve was 
stimulated above the point cooled, and the results therefore apply 
to the conductivity of the fibres. He states that conductivity was 
suspended at 6°C., and asserts, moreover, without giving the details, 
that the same result was obtained upon the inhibitory fibres of the — 

_ vagus in the same animal. In the second experiment, sensory fibres 
were examined. The afferent fibres of the sciatic, stimulation of which 
causes a rise of blood pressure, were chosen for experiment; the 
stimulus was applied to the peripheral side of the point cooled. The 
dog was curarised. It was found that at 10°C. conductivity was 
suspended for moderate stimuli, and at 1° to 2°C. for any strength 
of stimulation. 

Method of experimenting. The apparatus used for warming or 
cooling the nerve in mammals was a V-shaped brass tube with a bore 
of about 12 mms, Stoppers were fitted into the open ends of this 
tube, and one end was connected by tubing with the supply vessels of | 
hot or cold water, while the other served for the outflow. The rapidity 
of flow through the V-tube was regulated by a screw clamp on the 
outflow tube. The temperature of the water in the V was measured by 

| a thermometer inserted into the outflow limb and reaching to the 
| ; bottom of the angle. At the angle of the V a transverse hole was 
bored, and into this a piece of small brass-tubing was soldered. This 
cross tube served to hold the nerve; it was surrounded on all sides by 
the water flowing through the V. To get the nerve trunk in place it 
was necessary to cut it, pass a silk thread through the epineurium, and 
then pull the nerve gently through the cross tube. By sewing the cut 
end to the surrounding tissue, the nerve could be kept in its normal — 
position and extension. With the nerve so arranged the stimulating 
electrodes were placed upon it, to the peripheral side of the V-tube in 
the case of afferent fibres, and to the central side in the case of efferent 
fibres. The reservoir of cold water was made from a large ice-cream 


1 Archiv f. d. ges. Physiol. xvi. 215, 1878, 
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freezer, and it was found convenient to use 50°/, alcohol in place of 
water, since this mixture will stand a temperature below 0° C. without 
freezing. 

It was found very easy to regulate the temperature of the water in 
the V-tube and to keep it practically constant for long periods by 
altering the rapidity of the flow, provided, in the case of cooling, that 
the temperature of the mixture in the reservoir was sufficiently low 
to start with, namely, from —4° to—5° C. A number of observations were 
made to determine the relation of the temperature in the cross tube, in 
which the nerve lay, to the temperature of the water flowing through 
the tube, which was the temperature that would be recorded in 
the experiments. To this end a small thermometer was used which 
had been compared carefully with a standard thermometer. The bulb 
was placed in the cross tube, and a stream of water allowed to flow 
through the V at different rates and under conditions similar to those 
of an actual experiment, that is, the V was inserted between the 
muscles of a living animal during the observations. It was found that 
_ the temperature in the cross tube was from #° to 1°C. below that of the 
circulating water at the angle of the V. In recording the results of our 
experiments it was thought better not to make this correction, for two 
reasons. In the first place, a variation of this extent is within the 
limits 6f error of experiments of this kind. In the second place, it 
is more than probable that, although the whole stretch of nerve lying 
in the cross tube, a length of 12 to 13 mm., may not have taken the 
temperature of the flowing water in the V, yet some cross-section of the 
nerve toward the middle of the piece probably came closer to it than 
would be indicated by a thermometer lying loosely in the tube. In 

our preliminary experiments made upon frogs this apparatus was. 
- modified to suit the suspension of a muscle-nerve preparation, but the 
principle of construction was the same; the nerve lay in a glass tube 
running transversely through a late metal tube which .served as 
the water chamber through which water of different temperatures was 
circulated. In the experiments upon mammals various anzsthetics 
were used, but a more specific account of this factor may be deferred 
until the results are given. It may be worth while, however, to make 

brief mention of the use of brain compression in producing anesthesia. 
_ This method was first used by Dalton’. It consists in trephining 
a hole into the skull of the animal and then producing a pressure upon 


1 “Experimental Production of Anwsthesia by Cerebral Compression,” New York 
Medical Journal, July, 1876, 
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the cerebrum by forcing a plug of soft wood through the opening. In 

our later experiments we used a long screw with a flat head, which was 

held in the trephine hole by side clips and could be screwed down upon — 

the cerebrum to any desired extent. We found it necessary, contrary — 
to the statements of Dalton, to leave the dura mater intact, in order to | : 
get compression without actual rupture of the brain tissue. The method 
proved quite satisfactory. The anesthesia produced is complete, the 
animal lying as though in a profound slumber, while the ordinary 
reflexes through the vaso-motor and respiratory centres are apparently 
normal. It was particularly valuable in our experiments, as it was 
desirable to eliminate all peripheral effects of the anesthetics. 


Motor Fibres. 


Our preliminary experiments were made upon frogs, using the 
gastrocnemius muscle and sciatic nerve. Owing to the fact that in the 
late spring the results obtained upon the captive frogs became quite 
variable, and entirely different in many ways from those obtained from 
the winter frogs, these experiments were soon abandoned. The results 
obtained may be stated briefly as follows : 

In five experiments upon the conductivity at high temperatures, 
conduction was entirely suspended between 41° and 44°C. If the 
temperature was not maintained too long at this point, and was not 
allowed to rise above the point necessary to get complete loss of 
conduction, it was possible usually to bring back functional activity by 
cooling. Only one or two experiments were made with low tempera- 
tures. In one of them the nerve was still conductive at 1°C. In the 
spring frogs, on the contrary, conductivity might disappear at 5°C. or 
even at 15°C. The experiments upon the motor nerves of mammals 
were made upon cats, and were confined to the study of the effects 
of temperatures below that of the body. The sciatic nerve was used 
and the contractions of the gastrocnemius muscles were recorded by 
a lever attached to its tendon. It was found in general, that as the 
nerve was cooled the muscular contractions diminished in height, and 
finally disappeared entirely between 5° and 3°C. In one of the 
experiments, in which anesthesia was produced by compression of the 
cerebrum, the contractions of the gastrocnemius disappeared at 5°. ss 
to 4° C., but flexion of the foot and spreading of the toes still occurred 
upon stimulation of the sciatic, showing that some of the motor fibres | 
were still conductive. At 1° to 0° C, flexion of the foot disappeared, 
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and at 0° C. the spreading of the toes also ceased. When the nerve was 
warmed, the movements came back in the reverse order. Usually in 
these, as in the other experiments to be described, the nerve was exposed 
to a given temperature for at least five minutes before making an 
observation. The longer retention of conductivity by the fibres 
distributed to the flexors of the foot, and the muscles of the toes, was 
not due apparently to an unequal cooling through the thickness of the 
nerve, since in a second observation the temperature was retained at 
5° C. for ten minutes without causing the movements of the foot and 
toes to disappear. 

The stimulation in all the experiments was made with a Du Bois- 
Reymond coil, using one Grove cell, and with the — coil 94 to 
13 ctms. from the ney: 


Inhibitory -fibres of the heart. 


Our experiments upon the cardiac inhibitory fibres gave results 
more peculiar and more lacking in uniformity than those obtained 
from any other variety of nerve-fibre. It was found that the inhibitory 
fibres of dogs and rabbits behave differently when cooled. In a number 
of preliminary experiments made upon rabbits in which the pulse rate 
was determined by auscultation, or by the movements of a large needle 


inserted into the heart, it was found. that the inhibitory impulse could 
be blocked at a surprisingly high temperature. In some cases, water of 


from 18° to 20°C. flowing round the nerve was sufficient to suspend all — 
conductivity. Later experiments in which the heart rate was taken in 
the same way, but in which the temperature. was observed more 
accurately, showed that as a rule, at 15° C., or somewhat higher, the 
conductivity of the inhibitory fibres was suspended. Unfortunately 
no blood-pressure record was obtained in these experiments, and 


it remains possible, although not probable, for reasons which will appear 


later, that the force of the heart-beat may still have been affected 
at 15° C., although no change in pulse rate could be detected. | 

At all events complete inhibition, in cases of this kind, was not 
possible when the impulses generated in the inhibitory fibres were made 
to pass through an area whose temperature was at or below 15°C. 
The inhibitory fibres did not always recover promptly from this cooling, 


- unlike the other nerve-fibres which we have examined. If allowed to 


warm up slowly or quickly to the temperature of the body, the fibres 
did not in some cases at once regain their conductivity. If the wound 
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was closed, however, and the nerve was left quietly for half-an-hour to 


an. hour, its functional activity returned, showing that it had not been 
killed. This injurious action of the cold was not noticed in the case of 
the other varieties of fibres experimented upon. It can not be referred 
to the small size of the nerve trunk, since in other experiments made 
upon the afferent fibres of the same nerve, details of which are given 
below, no such result was obtained. The difference must be due to some 
peculiarity in the nutritive conditions, and this view is more probable, 
because the result was not invariable. In two of the rabbits experi- 
mented upon, the nerve, after being cooled to 3°C, for one hour, was 
found to be conductive immediately after rapid warming to the body 
temperature. In one of these cases, the nerve was undergoing stimula- 
tion while at the low temperature, in the other, not. Experiments of a 
similar nature upon the vagus of the cat were unsatisfactory, owing to 
the oftentimes transient and incomplete inhibition which the vagus 
gives in these animals. Upon dogs, very satisfactory experiments were 
made. In the best of these the following results were obtained. At 
15° C, the vagus showed normal conduction, giving complete inhibition 


of the heart with a fall of pressure of 102mm. Hg. upon stimulation 


central to the cooled area. At 10°C. complete inhibition was also 
obtained, although the effect disappeared more rapidly, a total fall of 
82 mm. being recorded. At 5°C. the inhibition with the same strength 
of stimulus (secondary coil at 11° ctms.) amounted only to a slowing of 
the pulse rate with a total fall of pressure equal to 22 mms. At 38°C. 


there was no perceptible slowing of the pulse (mercury manometer), _ 


but a fall of mean pressure equal to 20mms, Hg. At 1°C. the pulse 
rate was unaffected, but the pressure fell 7 mms. Hg., and at 0° C. the 
stimulus was entirely Ineffective, that is, the nerve impulses were 
completely blocked. 

These results were windeiaity uniform. The nerve was warmed 
up slowly, and again cooled to 0°C., and was stimulated each way at 
the temperatures before used, with results which were practically 
identical with those just described. The rapidity with which the 
nerve regained its irritability upon warming was in striking contrast 
to the usual result obtained upon the rabbit's vagus. The experiments 
upon the dog’s vagus are interesting in that they indicate that the 


effect of the vagus upon the force of the heart-beat may be differen- — : 


tiated by cooling from the effect upon the heart rate. At 3°C. the 
conductivity of the inhibitory fibres was sufficient to let through 
impulses of such a strength, or such a character, as to be able to 
weaken the force of the heart-beat without affecting the rhythm. _ 
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Vaso-motor fibres. 


Most of the experiments upon vaso-motor fibres were performed 
upon the cat, using the sciatic nerve, and placing the foot and foreleg 
of the animal in a plethysmograph to obtain a record of the vaso-motor _ 
phenomena. The plethysmograph used in the first experiment was 
provided with a gauge of thermometer tubing which was connected 
with the plethysmograph so as to lie nearly in the same horizontal 
plane. The vaso-motor changes of congestion and constriction were 
read off directly from the movements of the column of liquid in the 
thermometer tubing. In the later experiments the instrument described 
by Bowditch and Warren‘ was employed, as it had the great 
advantage of securing a permanent record of the changes. The cooling 
tube was placed round the sciatic low in the thigh, and the stimulating 
electrodes were laid upon the nerve an inch or so higher up, that is, 
centralward. The sciatic was cut to prevent possible reflex effects. In 
some cases the stimulus was applied to the anterior roots of the second 
_ and third lumbar spinal nerves. When the stimulus was applied to the 
sciatic a much stronger current was necessary than when the lumbar 
nerves were used. The cats were kept motionless by curare (1°/, 
solution in normal saline) administered through the jugular in quanti- 
ties sufficient to prevent muscular response upon stimulation of the 
sciatic. In addition one decigramme of morphia was always injected 
under the skin. 

In our first experiments the question with which we were concerned 
chiefly was the fatigue of the non-medullated fibres upon stimulation. 
We used the cooling, therefore, only to block the nerve impulses and 
were not careful to observe the least temperature requisite for this 
purpose. The results of these experiments agreed in showing that if 
the sciatic is cooled to 2° to 3°C. the conductivity of the vaso-con- 
strictor fibres will be entirely suspended as far as can be determined by 
the plethysmograph. At or slightly below this temperature, stimulation 
of the sciatic, or of the second or third lumbar spinal nerves gave 
usually a feeble but distinct vaso-dilatation instead of a constriction. 
Later. a careful experiment. was made to determine more’ accurately 
the effect of changes of temperature upon the conductivity of the 
vaso-motor fibres, The movements of the membrane of the recording 
tambour were magnified about fifty-two times by the length of lever 


1 This Journal, vit. 416, 1886, 
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used. It should be stated also that in this experiment no morphia was 
given; anesthesia was produced by compression of the cerebrum. 
With the nerve exposed, the secondary coil at 7 ctms., and the tempe- 
rature of the nerve at 22°C., the constriction on the drum measured 
14mms.; at 9°—10° C., the constriction was 2? mms. ; at 8° C. 2 mms.; 
at 7° C. to 4°C., the constriction was less than 1 mm., and was followed, 
after the cessation of the stimulus, by a marked dilatation of 2 mms. or 
more above the normal. At 3°C. no constriction could be obtained, © 
stimulation was followed by a distinct dilatation of 2mms. The nerve 
was kept at 3°C. for about twenty minutes, and for fifty-five minutes 
at a temperature between 8° and 3°C. It was then allowed to warm | 
slowly for seventeen minutes, at which time the temperature was 17°C. 
Stimulation at this temperature gave a constriction of 124 mms., 
showing that the vaso-constrictor fibres had not been injured by their 
long exposure to a low temperature. 
| It seems evident from these experiments that the vaso dilator fibres 
are somewhat more resistant to the action of cold than the vaso- 
constrictors. In fact, the method of cooling may be used for detecting 
the presence of the dilators in nerve trunks in which their action is 
usually concealed by the predominating effect of the constrictors during 
artificial stimulation. In our experiments the constrictors seemed to 
lose their conductivity at 3° to 2°C., and, doubtless, this result is 
approximately accurate. Still it must be remembered that the plethys- 
mographic record in such cases of stimulation of a combined nerve 
trunk marks only the end result. At ordinary temperatures the con- 
striction overbalanced the dilator effect, and at 3° C. it is possible that 
a minimal constrictor action may still have been present, although the 
end result was a small dilatation. The difference in reaction of the two 
varieties of fibres toward cold is, however, not very marked. At one or 
two degrees below the point at which constriction disappears the 
conductivity of the dilators is also suspended. The vaso-constrictors 
are non-medullated fibres, the vaso-dilators we have some reason for 
believing are small medullated fibres, while the motor fibres are large 
~ medullated. It would seem therefore that in their behaviour toward 
cold any difference of reaction can not be attributed to the medullated 
sheath, but must be referred to some difference in structure of the 
conducting portion of the fibres. Only one experiment was made upon 
the effect of high temperatures upon the conductivity of the vaso-motor 
fibres. This experiment was, however, a very successful one in that 
the vaso-motor response was excellent. The results were as follows, 
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the magnification by the lever and the strength of stimulation being 
the same as before. At 26°C. a constriction of 174 mms., the stimulus 
was discontinued before the full constriction was obtained. The 
remaining figures i the maximal constriction for the stimulus 

42°C. ° constriction of 30 mms. 


43° ” ” ” 49 ” 
44° ” » 50 
45° ” ” ” 514 ” 
47° ” » » 57 ” 
493° C, 
514° 15 » 


The nerve was next allowed to cool to 38°C. during ten minutes, 
and upon stimulation at the end of this period gave a vaso-constriction 
of 2mms., showing that the fibres had not been entirely killed at 53° C. 
Subsequent exposure to 54° for ten minutes caused a complete loss of 
conductivity, which could not be restored by cooling. The experiment 
above given shows that at high as well as at low temperatures the 
vaso-constrictor fibres apparently lose their conductivity before the 
VORO- SO, although the margin is a narrow one. 


Sweat Fibres. 


Similar experiments were made upon the sweat fibres of cats, but 
the cooling in these experiments was used only for the purpose of 
blocking the nervé impulse. No observations were made to determine 
the exact temperature at which . conductivity ceased. The notes, 
however, record in several cases that the temperature of the water in 
the reservoir was 2°C., and as the temperature of the outflow in the 
apparatus used at that time was from 14° to 2° higher, it is safe to say 
that at the nerve it was not lower than 3°C. We may state, therefore, 
that at this temperature the conductivity of the sweat fibres may be 
suspended. Whether the same effect may be obtained at a considerably 
higher temperature was not determined. Two experiments were made 
to determine the high point at which conductivity is suspended in 
these fibres. The results were not entirely satisfactory, owing, in part, 
to the difficulty of detecting a minimal secretion, and in part to the 
rapidity with which, as it has seemed to us, the sweat fibres lose their 
irritability at the point of stimulation. Both experiments, however, 
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agreed in showing that at 43° to 45°C. the sweat fibres became non- 
conductive to impulses started above the heated area. - 


Afferent (respiratory) fibres of Vagus. 


_ Two experiments only were made in which the effects at different 
temperatures were carefully determined, one upon a rabbit and one upon | 
a cat. The vagus nerve was exposed in the neck and severed as low 
down as possible. The cooling tube was placed round the nerve at the 
upper level of the larynx and the stimulating electrodes applied about 
1 to 14inches lower down. In the cat experiment the animal was at 
first under ether administered through the trachea. The respirations 
were recorded by a tambour connected with a respiration bottle, which 
was also in connection with the tracheal cannula. With the nerve fully 
exposed and the apparatus in position the temperature in the cooling 
tube was 28°C. Stimulation of the vagus (1 Grove cell—secondary coil 
at 15—20 ctms.) gave at first a short stand-still in the expiratory phase 
followed by violent accelerated respiratory movements which were 
inaugurated by a deep inspiration (see Fig. 1). When the nerve was 
cooled to 10°—7°C,, the only effect was a slight inhibition of the 
movements, especially of the expiratory phase (see Fig. 2). At 5° to 
4°C. no effect at all upon the respirations could be detected, the 
conductivity of the fibres was entirely suspended. It seems probable 
to us that the violent quickened respiratory movements obtained at 
first (Fig. 1) were caused by stimulation of fibres of pain together with 
the true respiratory fibres of the vagus. Subsequently upon the same 
animal compression of the cerebrum was used until complete anzsthesia 
was produced. It was then found that at 23°C. stimulation of the 
afferent fibres of the vagus gave first a deep inspiration followed by 
total stand-still in the expiratory phase. After the stimulus ceased 
acting there was first an inspiration, followed by slightly augmented 
respiratory movements (see Fig. 3). With this method of producing 
anesthesia, conductivity disappeared also at 5°—4°C. If the above 
supposition with regard to the cause of the violent respiratory movements 
is correct, it is a suggestive fact that the fibres mediating this effect lose 
their irritability at such a high temperature. In the rabbit experiment 
similar though not identical results were obtained. The animal was 
under chloral and morphia. The arrangement of the experiment was as 
described above. At a temperature of 27°C. and the secondary coil 
at 14 ctms. stimulation gave a series of quickened convulsive respiratory 
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movements, soon followed by stand-still in the expiratory phase (see 
Fig. 4), thus reversing the order of phenomena as noticed in the cat, - 
in which it will be remembered, the stand-still came first and was 
followed by forced respirations. When the stimulus was removed, 
augmented respiratory movements followed at once for a short period, 
being initiated by a deep inspiration and gradually passing to normal. 
At 10°—9° C. (Fig. 5), the effect of stimulation was merely to bring on 
a respiratory stand-still, and after the cessation of the stimulus, respi- 
ratory movements returned feebly at first, and gradually increased to 
something over the normal. In this case it will be noted that the first 
- movement after the stand-still is one of expiration, and that there is 
practically no indication of an augmentory effect. Here again it seems 
to us probable that the forced respiratory movements (Fig. 4) resulted 
in part from pain sensations and in part from stimulation of the 
augmentor fibres of the vagus, and it is interesting to find that these 
effects disappear or nearly so at 10°—7°C. while, agreeing with the 
result obtained upon the cat, the true inhibitory action of the vagus on 
the respiratory centre persists. After cooling to 3°C. stimulation 
below still gave complete inhibition (Fig. 6), followed by gradually 
increasing respirations, the first movement being an expiration. There — 
were no signs of an augmentory effect. At 1°C. (Fig. 7) the effect was 
simply a diminution in respiratory movements in the expiratory phase, 
while at a temperature of 4°C. all respiratory reflexes disappeared. 
The nerve was allowed to warm slowly and recovered its irritability 
very promptly. Within two minutes the temperature had reached 
13° C., and stimulation gave results similar to those primarily obtained 
at the same temperature. It would seem from these two experiments 
that the conductivity of the afferent respiratory fibres of the vagus is 
differently affected in the rabbit and cat by cooling. The resistance of 
the respiratory fibres in the rabbit toward low temperatures is in 
marked contrast to the sensitiveness of the cardiac inhibitory fibres 1 in 
the same animal. | 


Afferent fibres to the vaso-motor centre. 

Numerous experiments were made upon the fibres in the sciatic 
which act reflexly upon the vaso-motor centre. In most of these experi- 
ments the use of cold was merely for the purpose of blocking the nerve 
impulse during the course of observations upon the fatigue-effects 
of stimulation. It was found that conductivity of the afferent fibres 
could be suspended readily, without injuring them, by temperatures 
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somewhat above 0°C. In two experiments attention was given to the 
_ exact temperatures at which this loss of conductivity occurred. In each 
experiment the cooling tube was placed round the sciatic high in the 
thigh, and the stimulating electrodes were laid upon the cut nerve 
an inch or so to the peripheral side. The blood-pressure was recorded 
in the usual way. In the first experiment, made upon a rabbit under 
_ ether, stimulation, after exposure of the nerve, gave either a slight fall 
of general blood-pressure (2 mm.) followed by a slight rise (4 mm.), 
or no effect at all, when the secondary coil was at 12—10 ctms. 
Moving the coil to 9 ctms. and again stimulating gave a marked rise of 
pressure (of 15 mm.), the effect usually obtained in such experiments. 
The temperature was then lowered to 9°C., and with the same strength 
of stimulus a fall of pressure of 10 mm. was obtained instead of a rise. 
This last effect was constant and could be obtained with the coil at 
12 ctms. as well as at 9ctms. At 5°C. no effect could be obtained 
with the coil at 12 ctms., but with a stronger stimulus (9 ctms.) a 
small fall of pressure was apparent and persisted until the temperature 
was lowered to 1° to 0°C. Subsequent warming of the nerve in this 
animal brought back the effect of a reflex fall of pressure, but not that 
of a reflex rise. The second experiment was made upon a cat in which 
angesthesia was produced by compression of the cerebrum followed by 
a light etherization. In this animal stimulation of the exposed nerve 
at the beginning of the experiment, with induction currents just per - 
ceptible to the tongue, gave a distinct rise of blood-pressure (11 mm.), 
even when the temperature was lowered to 9°C. As the temperature 
of the nerve was lowered, the rise of pressure became less marked and 
it was necessary to increase the strength of the stimulus. At 4°C., 
with the secondary coil at 5 ctms. there was a slight rise of pressure 
(5 mm.) followed, upon continuous stimulation, by a slight fall (8 mm.). 
At 3° C, and 2°C. stimulation gave only a slight fall of pressure (6 mm.). 
At lower temperatures no effect was obtained. The nerve was now 
allowed to warm slowly, and it was noticed that the reflex fall of 
pressure was the first effect obtained, and persisted to much higher 
temperatures than in the descending series. Not until the tempera- 
ture had reached 10°C. did the reflex rise of pressure become apparent. 
At all higher temperatures it was the only effect visible. The experi- 
ments seem to us to indicate that in the sciatic nerve, and possibly 
in other peripheral nerves as: well, there are contained two sets of 
afferent fibres acting upon the vaso-motor centre, one causing reflex 
constriction and one reflex dilatation. Usually the reflex constriction 
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predominates, but not infrequently, especially in the rabbit under 
ether, the two effects neutralize each other, and little or no change in 
blood-pressure follows upon stimulation of the nerve trunk. By the 
differential action of cooling the two effects may be separated, since 
the reflex vaso-constrictor fibres lose their conductivity more rapidly 
than the reflex vaso-dilators. So also after the cooling has been 
pushed to the point of complete suspension of conductivity the reflex 
vaso-dilators seem to regain their conductivity. more rapidly upon 
warming than the reflex constrictors. This last effect was noticed also 
in a third experiment made upon a cat under morphia and curare. 
It has long been known that a rabbit or cat under curare gives a reflex 
rise of pressure readily upon stimulation of the sciatic, while if chloral 
has been employed, in the rabbit at least, a fall of pressure may result. 
So far as we have seen any explanation of this difference, it has been 
attributed to an effect upon the central nervous system. If, however, 
we take into consideration the possibility of the existence of two 
separate sets of afferent vaso-motor fibres, a more direct explanation 
may be found in the action of the drugs upon the nerve-fibres them- 
selves. In this connection it is well to bear in mind the experiments 
of Kleen’, in which the author shows that nerve branches from the 
muscles in rabbits, give always, when stimulated, a fall of blood- 
pressure, while those from the skin cause a rise of pressure. Our 
observations may be taken as a corroboration of the experiments of 
Kleen obtained by the method of the differential action of cold upon 
the fibres while in the nerve trunk. If we assume that the reflex 
vaso-dilator fibres present in the nerve trunk are sensory fibres coming 
from the muscles, we have at hand a simple mechanism to explain the 
reflex dilatation of the blood vessels during muscle contraction. 


Susceptibility of nerve-fibres to loss of irritability at the pownt 
of stimulation. 

_ A number of results which we have obtained during the progress 
of these experiments unite in showing that certain nerve-fibres quickly 
lose their irritability at the point of stimulation if the stimulus is 
applied for some little time. For the sake of brevity we shall speak 
of this phenomenon as “stimulation fatigue.” It is well known from the 
experiments of Bowditch, Bernstein, Wedenski, Edes and others, 
that the ordinary motor fibres are not subject to this stimulation 


1 Skandinav. Archiv f. Physiol, 1. 247. 1889. 
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fatigue or to what may be called in contradistinction, functional fatigue, 
—the stimulation may be prolonged for hours without destroying or — 
apparently injuring in any way the irritability and conductivity of 
_ these fibres. Szana’* has published experiments showing that the 
same fact probably holds good for the cardiac inhibitory fibres. In 
our own experiments we have succeeded in showing by a different 
method that the cardiac inhibitory fibres, and also the vaso-constrictor 
_ nerve-fibres, in that part of their course in which they have medullated 
sheaths, are not subject to functional or stimulation fatigue. These 
experiments may be described first before going on to those which 
demonstrate the existence of a stimulation fatigue. In studying the 
cardiac inhibitory fibres, the following method was used: the vagus was 
cut high in the neck and the stimulating electrodes were placed upon 
it a short distance from the cut end. A cooling tube connected with 
a cold and a hot-water supply was placed round soa nerve to the 
peripheral side of the electrodes. 

By cooling the nerve the inhibitory innpalaes sila be blocked at 
this point for any desired length of time. Rabbits were used in these 
experiments, and, as has been described in a previous section, it 
happens frequently in this animal and for this particular variety of 
nerve-fibre that the cooling brings on a prolonged loss of conductivity 
at the area cooled. In such cases our experiments were entirely 
negative as far as fatigue effects were concerned. We met, however, 
with a sufficient number of exceptions to this general effect to enable 
us to demonstrate the freedom from fatigue shown by the inhibitory 
fibres. We obtained this series of experiments. A rabbit's vagus 
stimulated continuously during an hour, without the production of a 
block between the point of stimulation and the heart causes a continuous 
inhibition of the heart rate throughout that period. At first the heart- 
beat is stopped entirely. If, however, artificial respiration is main- 
tained, the beats soon begin again, but with a very much slower rhythm, 
which is maintained until the moment the stimulation is removed, At 
the instant of removal the heart rate jumps to the normal rhythm. In 
a second series of experiments the vagus was first stimulated with 
a current sufficient to produce complete inhibition of the heart. The 
conductivity of the nerve was then suspended by cooling and the nerve 
was stimulated above the block, in one case for 10 minutes, in another 
for 30 minutes, and in a third for one hour. At the end of each of 
these periods, and while the stimulus was still in action the block was 


1 Archiv f. Anat. u, Physiol. (Physiol. Abth.) 1891, 
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suddenly removed by the passage of water at 38°C. through the 
encircling tubes. In these three cases the conductivity of the nerve 
returned in a few seconds and the result was a complete stoppage of 
the heart. It was shown, of course, by previous experiments that such 
a result is never obtained merely as a result of changes in the tem- 
perature of the nerve. Similar results were obtained upon the vaso- 
constrictor fibres in those portions of their course in which they are 
supposed to be medullated. The experiments were of this character. 
In one series cats were used. The sciatic nerve was exposed in the 
thigh and encircled by the cooling tube. The lumbar spinal column 
was opened and the anterior root of the second or third lumbar spinal 
nerve prepared for stimulation. The fore-leg and foot were then placed — 
in a plethysmograph. After testing the vaso-constriction caused by 
stimulating the spinal roots, a block was produced in the sciatic, and 
.. the stimulus was then applied continuously for ten to fifteen minutes. 
At the end of this time the block was removed by the circulation 
of warm water and a constriction was promptly registered by the 
plethysmograph. Here again it was shown by previous experiments 
that mere cooling and warming of the sciatic does not in itself stimu- 
late the vaso-constrictor fibres. Intervals longer than 10 to 15 minutes 
were not used because the short length of nerve available and the more 
or less constant oozing of blood made it necessary to lift the nerve 
root and hold the electrodes in place by hand. In a second series of 
experiments rabbits were used. ‘The cervical sympathetic was exposed 
in the neck, cut and stimulated on the peripheral side, in one case for 
10 minutes and in another for one hour, In each case the ear 
remained blanched throughout the stimulation, with indications of 
slight rhythmic changes, but in a few moments after removal of the 
stimulus a strong congestion appeared. These experiments seem to 
show that the medullated vaso-constrictor fibres are not subject to 
either functional or stimulation fatigue for periods of stimulation as 
long as one hour. If we assume, as seems to be justifiable at present, 
that the constrictor fibres in the cervical sympathetic lose their 
medullated sheaths after passing through the superior ganglion, or farther 
- toward the periphery, it follows from the last experiment that the 
non-medullated portions of the constrictor fibres are capable of con- 
ducting impulses for an hour at least without fatigue, and are therefore 
in all probability not susceptible to functional fatigue. This is im- 
portant, because this fact cannot be demonstrated as in other fibres by 
direct stimulation of the non-medullated portions, since it is just these 
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fibres that show the phenomenon of stimulation fatigue most markedly. 
The experiments which first called attention to this stimulation fatigue 
were made upon the sweat and the vaso-constrictor fibres of the sciatic 
nerve of the cat. In this part of their course these fibres seem to be 
undoubtedly of the non-medullated variety. The sciatic was cooled 
at a certain point and stimulated above for ten or more minutes. At 


the end of this time the block was removed while the stimulus was in | 


action. In every case, as far as the two results of sweat secretion and 
vaso-constriction were concerned, there was an absence of effect; ap- 
parently the nerve-fibres had become fatigued in consequence of 
continued activity. It was soon found, however, that the loss of 
irritability was confined to the point of stimulation, the fatigue was — 
what we have called “stimulation fatigue.” In order to demonstrate — 


this phenomenon, it is not necessary, of course, to produce a block by 


cooling. If the electrodes are kept steadily at one point upon the 
sciatic during stimulation, the effect whether of secretion or of vaso- 
constriction soon passes off, especially if maximal stimulation is em- 
ployed. The loss of effect in such cases is not due to the fatigue of the 
end organs, since moving the electrodes peripherally for a mm. or 
two will cause a new secretion or constriction as the case may be. The 
loss of effect is evidently the result of a change of some kind in the 
nerve at the point of stimulation. This loss of irritability is not 
permanent—after a longer or a shorter interval, varying with the 
duration of the stimulation, irritability returns apparently to its normal 
condition. The fact that the vaso-constrictor fibres do not show this 
stimulation fatigue as long as they are medullated seemed likely at 
first to have a general application. It was thought, indeed, that it 
might be used as a physiological test between medullated and non- 
medullated fibres, but it was found afterwards that this generalization 
could not be made without at the same time assuming histological 
data which are at present unjustifiable. The sweat fibres furnish 
an illustration of this point. In the sciatic, where they are in all 
probability non-medullated, they lose their irritability readily, as a 
rule, upon stimulation, but the same fact is true of these fibres at their 
origin from the cord and in this position they are supposed to be 
medullated. As to the cause of the loss of irritability it is difficult 
to make any statement. It may be due to a genuine fatigue, that. is, 
an accumulation of fatigue substances at the point of stimulation, or to 
the products of electrolytic action, or to a molecular change of some 
kind in the axis cylinder produced by the action of the induced current. 
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Whatever the cause may be recovery from it is complete after the 
cessation of the stimulation, and in the case of the vaso-constrictor 
_ fibres the medullated sheath seems to act as a protection against it. - 
Similar experiments as to the occurrence of stimulation fatigue were 
carried out upon the pupil-dilating fibres of the sympathetic and upon 
the afferent fibres of the sciatic whose stimulation causes a reflex rise of 
blood-pressure. The method of experimenting was in general the same 
as that used upon the sweat and vaso-constrictor fibres. In some cases 
a block was produced by cooling and the nerve was stimulated on the 
central or peripheral side according to the fibres experimented upon. - 
At the end of a given time the block was removed and the effect of the 
continuous. stimulation observed. In other experiments the fibres 
were stimulated without the production of a block, and observations 
were made to determine whether the given effect decreased or dis- 
appeared after prolonged stimulation, and whether it could be renewed 
in case of diminution, by changing the point of stimulation. In regard 
to the pupil-dilating fibres, the experiments were made chiefly upon 
dogs and rabbits. The dilatation of the pupil was measured by a pair 
of dividers, usually in the long diameter. It was found that when 
a block was produced, the iris being thus protected from the effects 
of the stimulation, the nerve-fibres might be stimulated for ten to 
twenty minutes, and immediately upon removing the block by the 
circulation of warm water a dilatation would result, apparently the 
maximal dilatation for the stimulus used. The following experiment 
gives an idea of the kind of results obtained. Dog under curare and 
morphia—Cold water at 1°C. circulated round the vago-sympathetic 
trunk to produce a block. Stimulus below the block applied at 
12.5 p.m.—diameter of the pupil not affected, remaining at 53 mms. — 
during the existence of the block. At 12.25 p.m. warm water (38° C.) 
turned on. At 12.26 p.m. diameter of pupil 14 mms. It follows from 
such experiments that the pupil-dilating fibres of the cervical sym- 
pathetic are not subject to stimulation fatigue nor to functional fatigue, 
at least for periods as long as twenty minutes. None of our experi- 
ments were made with longer times, as it was taken for granted that 
any fatigue effect to be obtained would have come out in this period. 
At this part of their course these fibres are mainly if not entirely 
medullated and behave like the medullated vaso-constrictors in the 
same trunk. When, however, the pupil-dilating fibres were stimulated 
without the previous interposition of a block, results were obtained 
differing from those gotten with the vaso-constrictors in the same trunk 
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and difficult to explain satisfactorily. It was found that the diameter of 
the pupil diminished gradually during the course of this stimulation, and 
in some cases returned to the size it had before stimulation, showing, 
| : apparently, complete fatigue. If, now, the position of the electrodes 
| was shifted a little distance toward the periphery a new dilatation 
| occurred, which, as a rule, was less than the initial dilatation. As an 


example of these results the following agures obtained i In an — 


| upon a dog may be quoted. 
a) | Diameter of pupil. 
i Before stimulation 7 mms, 

4 min. after stimulation 14 

| 5 ” 9 

i 15 

20 83» 

22 


| 
| 
” 
| Electrode shifted peripherally caused a dilatation to 10 mms. We 
| can not explain these results by supposing that the nerve had lost 
| | irritability at the point of stimulation, the experiments described 
above show conclusively that this could not have taken place. Neither 
can we assume that the effect was due to fatigue in the iris, since in 
that case moving the electrodes to a new spot on the nerve should not 
have caused a new dilatation, unless indeed one assumes that the 
brief intermission during the shifting was sufficient to restore the end 
apparatus to a more irritable condition. Somewhat similar results 
were obtained in the experiments upon the afferent fibres of the sciatic 
which cause a reflex rise of pressure. When stimulated without a 
block the rise of pressure soon passed away entirely, or in part, if the 
position and pressure of the electrodes were kept constant, and could be 
brought back entirely or in part by shifting the electrodes toward the 
centre. When a block was used and the nerve was stimulated for ten 
or more minutes removal of the block was accompanied by a rise | 
of pressure, showing that there had not been complete fatigue, at least, 
at the point of stimulation, It was difficult to get constant quantita- 
tive results in these experiments. 3 
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Summary. 


Among the general facts of interest which have been brought out 

during this investigation, the following are perhaps worthy of special 
emphasis : 
_ . The method of cooling may be used conveniently to block the 
nerve impulse in afferent and efferent fibres whenever it is desirable to 
suspend conductivity. The fibres examined regain their conductivity 
promptly upon being warmed, with the exception in many cases of 
the cardiac inhibitory fibres of the rabbit. When the fibres are 
warmed slowly some varieties regain their conductivity less rapidly 
than others. This difference was most distinctly shown by the reflex 
vaso-constrictors and dilators in the sciatic. 

2. The degree of temperature at which conductivity is seit 
varies somewhat in different fibres. It lies somewhere between 5°C. 
and 0°C. The cardiac inhibitory fibres of the rabbit offer at least one 
exception to this general statement, since they lose their conductivity 
at as high a temperature as 15° C. 

3. A nerve impulse in passing into a stretch of fibre of different 
temperature may suffer an increase or a diminution in force, according 
as the temperature of this portion of the nerve is above or below 
that in which the impulse originated. Thus, in the motor and vaso- 
constrictor fibres, cooling a small area of the nerve below the point 
of stimulation caused a decrease in the strength of the impulses passing 
through it proportional to the fall in temperature, while with the 
vaso-constrictor fibres the strength of the nerve impulses increased 
in consequence of passing through an area warmer than that in which 
the stimulus was applied. 

4. The method of cooling may be used to differentiate the 
physiological varieties of nerve-fibres combined in a common trunk. 
(a) To separate the vaso-dilators from the vaso-constrictors in the sciatic. 
_ (b) To separate the reflex vaso-constrictors from the reflex vaso-dilators 
in the same trunk. (c) To separate the inhibitory fibres of respiration 
in the vagus from those causing augmented respirations. (d) To sepa- 
rate the effect of the cardiac inhibitory fibres upon rate from the effect 

upon strength of beat. 

5. The difference in reaction toward cooling and heating aud 
stimulation shown by the different physiological varieties of nerve- 
fibres is not clearly connected with the existence of a medullated sheath 
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or with variations in thickness of the sheath. It depends apparently 
upon a difference in structure in the conducting portion of the fibres. 
6. Vaso-constrictor and cardiac inhibitory fibres are not fatigued 
after continuous functional activity for an hour. 
7. Certain nerve-fibres lose their irritability completely or in part 
(stimulation fatigue) at the point of stimulation, when the stimulation 
(electrical) is prolonged for several minutes. This property is shown 


most clearly by the vaso-constrictor and sweat fibres of the sciatic 


nerve. Vaso-constrictor fibres at their origin from the cord and in the 
cervical sympathetic where they are medullated do not exhibit this 
phenomenon. 


PLATE XII. 
Fig. 1. Cat under ether. Temperature in FOO tube 21°C. Tambour 


connected with respiration bottle. Effect on respirations of stimulating the - 


vagus ; first a deep inspiration, followed by a pause in expiratory phase and 
this by augmented respirations beginning before the stimulus was removed. 

Fig. 2. The same. Temperature 7°C. Weakening of respirations in 
expiratory phase. 

Fig. 3. The same. Ether removed and pe ansesthesia produced by 
compression of cerebrum. - Temperature 23°C, Effect of stimulation ; first a 
deep inspiration followed by a pause in expiratory phase. Slightly idignioated 
respirations after removal of stimulus. 

Fig. 4. Rabbit under chloral and morphia. Teasseeators 27°C. Tam- 
bour connected with respiration bottle. Stimulus from « to «, Effect on 
the respirations of stimulating the vagus ; first, quickened respiratory move- 
ments followed by stand-still, and this by augmented respirations beginning 
before the stimulus was removed. 


Fig. 5. The same. Temperature 94°C. Complete stand-still, followed 
after cessation of stimulus by an expiratory movement—respirations gradually 
increasing beyond normal. Diminished augmentory effect. 

Fig. 6. The same. Temperature 3°C. Effect the same as in Fig. 5. 
Complete standstill, absence of augmentory effects. 

Fig. 7. The same. Temperature of 1°C. bs ties of respiratory 
movements, especially i in expiratory phase. 
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ON D’ARSONVAL’S PHYSICAL THEORY OF THE 
NEGATIVE VARIATION. By GEORGE J. BURCH, 
AND LEONARD E. HILL. Plate XIIL) 


(From the Physiological Oaford.) 


THE electrical phenomena accompanying the excitation of muscle have 
been generally regarded as essentially connected with the vital or 
chemical activity of the tissue. In 1878 however D’Arsonval’ put 
forward the theory, which he stated with greater elaboration in 1889", 
that these changes of potential are to be viewed rather as consequences 
of a mechanical deformation of the muscle substance which results in 
its contraction. He adduced in support of this idea the well-known 
fact of the reversibility of the action of the capillary electrometer, viz. 
if-a charge is communicated to it the mercury moves, and if the 
mercury is caused to move by altering the pressure, a difference of 
potential is generated in the instrument. 

In his fundamental experiment two muscles were tied together by a 
silk thread so that the one in contracting should stretch the other. 
Each of them in turn was connected with the galvanometer by elec- 
trodes in the ordinary way. The excited muscle gave the usual negative 
variation, but the other when extended by the contraction of the first’ 
showed a positive variation. 

In 1892 Parsons® repeated the experiment. 

He clamped a sartorius muscle in the middle, and led off from | 
it to the galvanometer by clayed threads. He found that the extended 
portion became in all cases positive to the unextended part. The dead 
sciatic nerve of the dog also gave similar results. 

These observations, and some of the statements by which the theory — 
was supported, seeming to us quite opposed to our own experience, we 


1 Gazette des Hépitauz, 21 Mai, 1878, 
® Archives de Physiologie normale. 5th Series. Vol. 1. p. 460. 
* Proceedings of the Physiological Society. Feb. 15, 1892. 
PH, XVI. 21 
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took an opportunity, while working together during the spring and 
summer of this year, of repeating D’ Arsonval’s experiments with the 
precaution of photographing the results. 

Our first. attempt seemed to confirm his theory. Two gastrocnemius 
muscles were connected by a silk thread attached to their ends, the 
_ first being excited by its nerve, while from the second cable-electrodes 
led to the capillary electrometer. At each excitation the mercury was 
seen to move. But on developing the plate the cause was manifest. 
By some failure of the insulation there was an escape of the induction 
shock into the instrument. It was seen by the photograph that the | 
excursion was practically synchronous with the excitation as shown by the 
fall of the signal, the shadow of which appeared below the time record. 
It was therefore earlier by some 004 or ‘005 sec. than the electrical 
response of the excited muscle, and still more in advance of any possible 
pull on the gastrocnemius connected with the electrometer. Such an 
escape of the induction shock is not at all uncommon. It has been 
proved by one of us that an induction shock can “jump” an ordinary 
short-circuiting key capable of completely shielding the instrument 
from a constant current, and it is suggested that some such escape may 
have misled previous experimenters. in the absence of a rch ic cam 
record, 

Accordingly, we discarded all silk-covered wires, using leads insulated 
with rubber and paraffined cotton and supporting each portion of the 
circuit on glass or ebonite rods, 

Two gastrocnemius muscles, A and B, were prepared, each with the 
nerve attached. They were held firmly, in the usual way, in screw 
clamps, carefully insulated, the tendons being tied to the two ends of a 
glass rod, very light, but strong. Two pairs of non-polarizable electrodes 
were provided, and connected respectively with the middle and tendon 
ends of the two muscles. By means of a switch either pair could be 
put in connection with the electrometer. Another switch enabled us 
to excite either muscle by its nerve without disturbing the prepara- 
tions. 

The apparatus used was that described in a paper “On the ine. 
relations of the Capillary Electrometer” by G. J. Burch’. In the 
photographs the -upper serrated line is produced by a tuning-fork 
making 500 double vibrations per second. Beneath it is the shadow 
of the signal key, the fall of which, by breaking the primary circuit 
of an induction coil, determines the exact instant of stimulation. ape 

1 Phil. Trans. Vol. ouxxxt, A. p. 81, 1892, 
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‘eee curve records the movements of the meniscus of the electrometer. 
The following photographs were taken. 

No. 322, Fig. 1. 

Excitation of A. Electrometer coninachenk with A. A strong 

contraction. The response shows that the muscle was in good 
condition. The small, sudden downward movement, synchron- — 
ous with the fall of the signal, is due to an escape of the 
induction shock into the electrometer, and the period of latency 
between it and the electrical response of the muscle is well 
shown. An excursion like this, and that in Fig. 3, where the 
mercury returns accurately to its original level, is quite invisible 
to the closest observer. 

No, 323, Fig. 2. 

Excitation of A. Electrometer connected with B. A strong 
contraction. No response from B. 

No. 324, Fig. 3. 

Excitation of B. Electrometer connected with B. A strong 
- contraction. The response shows that. B was in good order. 

No. 326, Fig. 4. 

Excitation of B. Electrometer connected with A. A strong 
contraction. No response from A, 

Each of us then went in turn to the electrometer while the other 
gave sundry tugs and twitches at the muscle. No movement of the 
meniscus could be detected except when the leads were displaced by 
the act of pulling. 

It should be noted that this electrometer is capable of recording 
with unmistakable distinctness a change of potential lasting no longer 
than the negative variation, and only », part of its intensity. 

: Apparent variations of potential undistinguishable by the eye from 

the true muscle excursion, can easily be produced by shifting the 
— contacts. To show this, we connected the contracting muscle with one 
of the electrodes of the extended muscle. But the phenomena are 
entirely different from those accompanying muscular activity. The 
_ effect is greatest when the electrodes are nearly dry. It is diminished 
by moistening them. 

On the other hand, the “spike” given by a true contraction is small 
when the cables are too dry, and reaches its maximum when they are 
thoroughly wetted—a condition of things that entirely annuls the other 
effect except when there is a strong muscle current. | 

Moreover the time relations of this artificial variation are entirely 
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different from those of the physiological phenomenon. It is so much > 
slower that only a portion of the first phase of it appears on the plate, © 
although to the eye the mercury seems to return very quickly to its 
original level. We look upon it as proceeding from purely accidental 
conditions of the experiment. 

One other statement in D’Arsonval’s paper demands attention. 
He.says “if a muscle is stretched by a weight greater than it can lift, 
its electrical variation is then a maximum.” . This, so far as it relates 
to the response to stimulation of an uninjured muscle, does not accord 
with our experience. 

In some of the earlier experiments made by Prof. Burdon Sander- 
son in. conjunction with one of us (G. J. Burch) this point was 
incidentally investigated, and in view of its importance in this con- 


nection we have now taken a series of photographs, some We which are 


given here, to illustrate it. 

A gastrocnemius nerve-muscle preparation was suspended vertically 
with a loop of thread attached to the tendon. The electrodes were 
placed in the usual position. 

1. The muscle was made to contract without any load. The 
electrodes were moist, but not wet. The contraction was strong, but 
the electrometer record was small. 

2. A load of 200 grammes hung upon the loop was lifted by the 
contraction. The electrodes had been thoroughly wetted and the result 
was seen in the increased dimensions of the “ spike.” 

3. No. 352, Fig. 5. The muscle was made to contract without 
any load. (Compare with Fig. 4.) 

4, No. 353, Fig. 6. The thread was stretched tight and clamped 
firmly, so that the contraction was isometric. 

5. The muscle was again — to contract without any load and 


hanging perfectly loose. 


The strain of the previous contraction was found to have produced 
a slight injury at the tendon. The muscle current had risen from zero 
to 0:006 volt, and the photographed response showed a corresponding 
change. But in spite of this, the analysis of the curves proved that 
the final contraction without load was associated with electrical varia- 
tions both positive and negative, greater rather than less than when it 
was tightly clamped in the previous experiment. 

It should be mentioned here that only one set of photographs is 
quoted in support of our statement, but that a considerable number of 
examples of the same thing could be picked out from the hundreds 
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of negatives taken with this apparatus, insomuch that for a long time 
preparations have not been stretched or loaded except to prevent the 
shifting of the electrodes. 

In conclusion, we submit that the effects recorded by D’ Arsonval 
may have been due either to escape of. the induction shock or shifting 
of the electrodes, as in either case it would have been well-nigh im- 
possible to detect the difference between them and the true response to 
excitation, save by photography. 3 

The difference of potential observed by Parsons may have been 
caused by the friction of the tissue against the india-rubber which 
protected the muscle from injury by the clamp. 

Moreover D’Arsonval’s objection that the rate of propagation of 
the negative variation is‘slow compared with the velocity of the electric 
current in a conductor, has the same application, neither more nor less, 
to his own theory as to that usually held. ) 

Whatever may be the true explanation of the electrical phenomena 
of muscle and nerve, we maintain that D’Arsonval’s hypothesis 
cannot be considered proved without further experimental evidence. 
Mere ocular observation is inadequate in the case of phenomena of such 
short duration. The variations of potential artificially produced must 
be shown to resemble, not only in direction but in their time-relations 
- and intensity the electrical changes known to be associated with the 
activity of a living muscle, before their identity with these phenomena 
can be admitted. 


NOTE. 


Lamansky’s experiments! seem contrary to the direct evidence of 
Figs. 5—6. Several circumstances are es ¢ in his account of them 
which might explain this. 

The tendon end was packed in clay to serve for one electrode while 
the other was laid upon the head of the muscle (Muskelkopf). With 
this arrangement, which has been tried by one of us (G. J. B.), little else _ 
than the response from such portions of the muscle as have been injured ~ 
can reach the galvanometer. Moreover the observed differences were 
but small compared with the increase of the work done, and they were 
well within the usual limits of variation of the electrical response of an 
injured muscle. 


1 Archiv fiir die ges. Physiol. Vol, m1. p. 198, 1870. 
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The photographs are to be read from right to left. | 

The upper serrated line is produced by a tening fork making 500 vibra-— 
tions per second. | 

The black line beneath this is produced by the shadow of the signal key, 
the fall of which determines the exact instant of stimulation. 
The lower curve records the movements of the meniscus of the electro- 
meter. 


Fig. 1. Excitation of muscle A. The small downward movement syn- 
chronous with the fall of the signal is due to the escape of the induction 
shock into the electrometer. The period of latency between it and the 
muscle response is well shown. The response shows that the muscle was in 
good condition. 


Fig. 2. Excitation of A. Electrometer connected with muscle B. No 
response from B. 


Fig. 3. Excitation of B. The response shows that B was in good order. 


Fig. 4. Excitation of B. Electrometer connected with A. No response 
from B. 


Fig. 5. Response of the muscle made to contract without any load. 


Fig. 6. Response of the same muscle when the thread attached to we 
tendon was stretched tight so that the contraction was isometric, 
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THE GROUND SUBSTANCE OF CONNECTIVE TISSUE. 
By R. A. YOUNG, BSc. (Lond.), Late Senior Demonstrator of 
Physiology, Middlesex Hospital Medical School. 


(From the Physiological Laboratory, King’s 


Tue fact that all the various forms of connective tissue possess 
considerable quantities of ground substance, in which their formed 
elements are embedded, and that this ground substance varies con- 
siderably in constitution, being especially modified in the more complex 
forms, renders a study of its chemical relations of considerable interest 
and importance. 
_ That form of connective tissue known as mucous or jelly-like 
connective tissue, of which the vitreous humour and the Whartonian 
jelly of the umbilical cord are made up, offers especial facilities for such 
a research, as in it we have large quantities of ground substance with 
_very few fibrous or cellular elements, and also its structure agrees very 
closely with that of embryonic connective tissue. 

I have therefore made a series of experiments on this subject, under 
the direction of Prof. Halliburton, to whom I wish to record my 
warmest thanks for the great assistance and kind advice he has given 
me throughout my work. 

It will be convenient to divide my paper into four sections, as 
follows :— 

A. The vitreous humour. 
B. The Whartonian jelly. : 
_(. Qn some decomposition products of connective tissue mucin. 
D. General summary of results. i 


A. TE VirrEous Humour. 


According to Virchow’, the tissue of the vitreous humour is to be 
regarded as mucous or jelly-like connective tissue, the fibres and cells of 


1 Virchow. Verhandl. der phys.-med. Gesellschaft zu Wirzburg, Bd. nm. pp. 160-162 
and p, 317. 1851; Virchow's Archiv, Bad. rv. p- 468. 1852; ibid. Bd. v. Hft. 
p. 278. 1853. : 
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which have more or less completely disappeared, eine little else than 
ground substance behind. 

The fibrous elements in the vitreous humour have been very 
variously described by different histologists, by some as membranes, by 


others as a network of fine fibres, while their existence has been 


absolutely denied by Kessler! and Beauregard’, who conclude that 
the vitreous is not a tissue, but a ‘ mucous transudation.’ 


It would however seem probable that some such fibrous structure 


does exist, since if a number of vitreous humours be finely minced, and 
then put on a filter, in the course of some hours a thin slightly viscid 
fluid filters through, while on the filter is left a thin coherent film of 


transparent membrane. Mérner*® collecting the membranes in this — 


way from 2 litres of ox eyes, and boiling with water, obtained consider- 


able quantities of gelatin. 


I have in sheep's eyes been able to confirm Mérner’s observation, 
using a much smaller quantity of vitreous. The membranes left on the 
filters from about 250c¢.c. of vitreous humour were collected, covered 
with water and boiled for one hour, the extract then being filtered off. 
A faintly yellowish fluid was obtained, which gave a white flocculent 
precipitate with alcohol, and a dense precipitate with tannic acid. It 
was then evaporated to small bulk, and allowed to cool, when a few c.c. 
of a thin jelly were obtained, 

These facts, and the development of the vitreous seem to me to 
negative the views of Kessler and Beauregard. 

My experiments on the chemistry of the vitreous may = considered 
under the following heads :— 

(a) Reaction and percentage composition. 
(b) The mucin of the vitreous. 
(c) The proteids of the vitreous. 


| (a) Sesction end percentage composition. 


Nearly all my experiments have been carried out on the vitreous 
humour of sheep‘, as this animal does not seem to have been much used 
for previous investigations, and it is very easy to obtain large numbers 
of sheep's eyes in a fresh condition. 


1 Kessler. Zur Entwickelung des Auges der Wirbelthiere. Leipzig, 1877. 
2 Beauregard, Jl. del’ Anat. et de la Physiol. Vol. xv1. p. 233. 1880. 

3 Mérner. Zeit. physiol. Chem. Bd. xvi. p. 245. 1892. 

4 Over 1000 sheep’s eyes have been used in these experiments, 
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From such fresh eyes one can very readily prepare the whole 
vitreous humour, enclosed in the hyaloid membrane behind, and by the 
posterior lens capsule in front, by cutting circularly round the sclerotic 
just behind the corneo-sclerotic junction, and turning out the whole 
vitreous together with the lens. The anterior lens capsule can then be 
cut off by means of scissors, when the lens drops away. Any adherent 
pieces of retina can then be easily picked off with forceps. 

The vitreous so prepared in the sheep, is soft, semisolid, perfectly 
transparent and slightly sticky. 

According to Schwalbe‘ the consistence of the vitreous humour 
varies considerably in different animals, and also in the young and adult 
of the same animal, being firmer in man than in the ox, and firmer in 
the young animal than in the adult. This difference in consistence 
is however not associated with any marked difference in percentage 
composition. 

The reaction of the vitreous is distinctly alkaline, and does not 
become acid even on keeping for a long time (some months). 

It is extremely poor in solid constituents, containing less than any 
other tissue of the body. I have made five determinations of the 
proportion of water to organic and inorganic solids with the following 
results : 


Water . Total Solids Organic Inorganic 
2. 98:338 0-441 0:721 
98-830 1: 17 0 0:288 0°882 
4, 98°835 1:165 0-358 0°807 
5. 98-837 0°304 0°859 
Mean 98°832 1°168 0°348 0°820 


The percentage composition of the vitreous in the sheep resembles 
fairly closely the percentage composition obtained by other observers’ in 


other animals. 


The vitreous humour in the fresh condition exhibits a remarkable 
resistance to the action of the ordinary digestive ferments and in a less 
degree to putrefaction, as the following experiments show. 


1 §chwalbe. ‘ Microscop. Anat. des Glaskérpers ” in Graefe und Saemisch’s Hand- 
buch der Augenheilkunde, Bd, 1. p. 457. 1874. 

2 See Giacosa. Maly’s Jahresb. 1882; Lohmeyer. Zeitechrift f. rationelle Medicin 
(Henle u. Pfeuffer). N. F, 1854. Bd.v. p. 56; Cahn, Zeit. physiol. Chem. Bad. v. p. 213. 
1881; Portes in Beauregard’s paper. loc. cit. 
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EXPERIMENT 1. 


To an artificial pancreatic juice prepared by mixing 90c.c. 1°/, sodium 
carbonate, and 10 c.c. lig. pancreaticus (Benger), two fresh vitreous humours 
were added and a little salicylic acid to prevent putrefaction, and the whole 
then kept at about 40° C. 


Ten days later, the vitreous humours were picked out, but slightly if at — 


_ all smaller. 


EXPERIMENT 2. 
A similar digestive fluid was prepared, and two fresh vitreous humours, 
but no salicylic acid added. 

No change occurred, and even after 20 days, although the fluid smelt very 
foul, and swarmed with bacteria, pieces of unaltered vitreous tissue could be 
picked out, and after being washed with distilled water, they did not even 
smell. 

Control experiments with fibrin showed the digestive fluid to be very 


active. 


If however the eyes be kept for 3 or 4 days before the vitreous is 
dissected out, it is found that they are ~— more readily acted upon. 


EXPERIMENT 3. 


Jan. 25th. 3 stale vitreous humours put into a digestive fluid prepared 
as in Experiment 1. 
Jan. 26th. Distinctly smaller to-day and fluid gives a distinct biuret 


reaction, whereas the original digestive solution only site a very faint 


reaction. 
Jan. 29th. Vitreous nearly all digested. 
Jan. 30th. No trace found undigested. 


_ This resistance to putrefaction and to the action of digestive agents 
seems to be characteristic of mucin as it exists in the tissues and 
secretions ; since similar facts have been observed by Giacosa! for the 


_ mucous envelope of the frog’s ovum, by Hoppe-Seyler* for the mucin 


of succus entericus, and by Halliburton® for mucin in mucus. 


1Giacosa. Zeit. physiol. Chem. Bd. viz. p. 44. 1882. 
* Hoppe-Seyler. Physiologische Chemie, 1881. pp. 267 & 275. 


3 Halliburton. Text-Book of Chem. Physiology and Pathology. London, 1891. 
p. 695 footnote. 
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(6) The mucin of the vitreous. 


Although many experiments have been made with a view of © 
determining whether the vitreous contains mucin, very varying results 
have been obtained, I have therefore carefully examined the methods 
adopted by many of these observers, to try and determine if there is any — 


factor in their methods to account for their difference of opinion. 


So far as I have been able to determine, Virchow!’ first recognized 


the existence of mucin in the vitreous. He stated that “on heating, 


the mass became a little turbid, on the other hand, with acetic acid one 
obtains a thick coagulum, which does not dissolve in excess, or on 
heating.” 

Ciaccio* denied the existence of mucin in the vitreous, stating that 
“by various chemical tests,’ he found no mucin, but only — 
bodies and fat. 

Schwalbe® then stated that he had found that mucin existed in 
the vitreous of man and fish, while that of the ox contained none and 
that of the sheep only traces, but he gives no account of the method 
he used. 

Dogiel’ ignored the mucin question and found “only a trace of 
proteid.” 

Deutschmann’ was unable to obtain “ any weighable quantities of | 
mucin.” 

Portes® obtained 0:075 */, of mucin from the vitreous of the ox, and 
suggested the name hyalomucin “because it does not behave exactly 
like true mucin, It dissolves, or rather appears to dissolve in acetic 
acid, if at the first, one pours in the test-tube a large excess of acid; 
then at the end of some hours is reprecipitated. If on the contrary one 
adds the acid drop by drop there is no indication of solubility.” 

Cahn’ denied the existence of mucin in the vitreous, since he found 
that although the vitreous fluid became turbid with acetic acid, it 
cleared up again on further addition. | 


1 Virchow. loc. cit. p. 317. 

2 Ciaccio. Moleschott’s Untersuch. zur Naturlehre des Menschen. Bd. x. p. 683. ° 1870, 
Schwalbe. loc. cit. 

Dogiel. Pfliiger’s Archiv, p. 335. 1879. 

5 Deutschmann. Grife’s Archiv f. Ophthalm. Ba, xxv. Abth. p. 221. 1879. 

6 Portes in Beauregard’s paper. loc. cit. p. 237. 

7 Cahn. Zeit. physiol. Chem. Ba. vy. p, 213, 1681. 
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Giacosa! in a careful research into the albuminous matter of the 
human vitreous, obtained about 24 hours after death, confirmed 
the presence of mucin. Hc obtained with acetic acid, first a turbidity, 


and later light flocculi of mucin which formed a uniform stratum on the 


bottom of the vessel. 
While my own bepettinouia’ were in progress, a paper appeared by 
C. Th. Mérner’, who working with the vitreous fluid filtered off from 
minced ox eyes, found that on the addition of acetic acid directly to this — 
fluid, no precipitate was obtained, but only opalescence. 
If, however, the vitreous fluid were first diluted with a large quantity 
of distilled water, and then acetic acid added up to about 1°/,—a finely 
flocculent precipitate came down almost directly, and in about 12 hours 
formed a layer on the bottom of the vessel. 
He therefore explains the failure of most previous observers to 
detect the mucin of the vitreous, by supposing that the salts of the 
vitreous, being present in considerably greater quantity than the mucin, 
hinder its precipitability by acetic acid, and render it when precipitated 
readily soluble in excess of that reagent. 
My own experiments do not support Mérner’s explanation. I 
have made experiments on the effect of neutral salts on vitreous-mucin 
solutions, of which detailed results are given below, which show that 
even when present in far greater proportion than 1°/,, they do not seem 
to markedly hinder its precipitation by dilute acetic acid, and I have 
not observed any great increase in the yield of mucin by diluting the 
vitreous fluid, although it certainly settles more readily. | 
In my earlier experiments I used the method "of Rollett and 


- Loebisch to endeavour to extract mucin. The vitreous humours were 


carefully dissected out from quite fresh eyes, and then finely minced 
and covered with a large excess of lime water or dilute baryta water 
(1 of sat. baryta solution to 4 of water) and allowed to stand for 3 or 4 
days, being frequently stirred during that time. 

The extract was then filtered and strong acetic acid added in 
considerable quantities. 

The result usually obtained was only a very slight opalescence, and 
even after standing for a day or two there was no tendency for any 
precipitate to collect. 

I then proved that although by this method I could not extract any 


1 Giacosa. ‘ Ricerche Chimiche sul Vitrio dell’ Occhio Umano.” Archiv. per le Sei. 
Med. Vol. v1. No. 4, p, 29 (1883). 
* Morner. Zeit. physiol. Chem, xvut. p, 245. 1898. 
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quantity of mucin, that that substance probably did exist in the 
vitreous by the following experiment. 

_ Some vitreous fluid was tested with Fehling’s solution and found 
to give no reduction. It was then boiled with dilute sulphuric acid for 
half-an-hour, neutralised with potash, the precipitated acid-albumin — 
filtered off, and the filtrate tested with Fehling’s solution, when a 
distinct reduction was obtained. ) 

I then found that if dilute acetic acid were used, and added 
carefully to a lime-water extract of vitreous, so that the whole fluid 
contained about 2 or 4°/—after about 24—48 hours a very thin 
translucent skin of precipitate would form at the bottom of the vessel, 
but in such small quantity as to be very difficult to collect. | 

I then tried using the vitreous from stale eves 3 or 4 days old, or 
having prepared the vitreous from fresh eyes kept it 3 or 4 days before 
using it. 

In both these cases, on the addition of acetic acid to the lime-water 
extract to about 2°/,, the whole extract became quite opaque and 
milky, and in a short time small white flocculi separated out in large 
numbers. 

Later I adopted the more usual method of finely mincing the 
vitreous humours, and allowing the vitreous fluid to filter through and — 
then adding acetic acid directly to it. By this method I obtained 
results identical with those obtained by the lime-water method. 

The following experiments are typical of the results obtained in a 

yreat number of trials. | 


EXPERIMENT 4, 


55.c. fresh vitreous humour minced fine and covered with 250 c.c. 
% baryta water and allowed to extract for 4 days. Acetic acid was then 
added to the filtered extract so that it was present to 2°/,. The fluid 
became slightly opalescent but no precipitate had fallen 24 hours later. . 


EXPERIMENT 5. 


50c.c. of vitreous humour from eyes kept about 3 days—they seem more 
viscid than when fresh. Covered with 250c.c. } baryta water. Four days 
later, extract was filtered off and acetic acid added to 2°/,. 

Instantly the whole fluid became quite opaque and milky and in a few 
minutes a coarse flocculent precipitate began to settle, so that in about 
2 hours a thick white layer had formed at the bottom of the vessel. 


‘ 
> 
a 
By, 
Ax 
ey 
4 
CH 
he 


332 R. A. YOUNG. 


EXPERIMENT 6. 


65.c.c. of clear slightly viscid fluid obtained by filtration from 16 fresh 
sheep’ 8 eyes ; acetic acid added to 1°/,. Strong opalescence resulted but no— 
subsidence of precipitate. Next day—acetic acid increased to 2°/,—a few 


small white flocculi sicnaeay out and slowly settled, et covering the 
bottom of the beaker. 


EXPERIMENT 7. 
 40c.c. of vitreous fluid from eyes obtained at the same time as those in 
the last experiment, but kept for 3 days before preparation. 

Acetic acid was added to 1°/,, instantly the whole became quite opaque 
and milky, and large flocculi began at once to settle. Next day, a thick 
white layer of precipitate had formed at the — of the beaker leaving the 
supernatant fluid quite clear. 


| EXPERIMENT 8. 

50 c.c. vitreous fluid from 10 fresh eyes, diluted with distilled water to 
350 ¢.c. (1+6) as recommended by Mérner. The fluid became opalescent 
and after standing for 24 hours a very thin film of white precipitate formed. 

The supernatant fluid was decanted off and more acetic acid added, but no 
further precipitation occurred. 


Similar results are obtained if lime water 0 or 1°/, sodium carbonate are 
used as extraction fluids. 


I have also found that if the vitreous fluid from fresh sheep's eyes 


be boiled and the coagulated proteid filtered off, and then acetic acid 


added to the clear filtrate, that one obtains a considerable precipitate of 
mucin. 

The facts that from fresh vitreous humours little or no mucin can be 
obtained by the ordinary methods, and that fresh vitreous humour 
is so resistent to the action of putrefaction and pancreatic digestion, — 


while from stale eyes, which digest much more readily, considerable 


quantities of mucin can be obtained with great ease, seemed to me 
to indicate that in the fresh tissue some antecedent or mucinogen exists, _ 
which is comparatively insoluble in weak alkalies. So far, however, 
I have not succeeded in separating any such body. 

It is interesting in this connection to notice that Krukenberg? 


_ described one of his so-called hyalogens in the vitreous of oxen and 


pigs. This he described as being converted by soda into a hyalin, from 


1 Krukenberg. Zeit. Biologie, xx. p. 267, 1886. 


(ye 
> 
4 
| 
“a 
x 
a 
a4 
a 
4 
4 


CHEMISTRY OF CONNECTIVE TISSUE. 333 


_ which he obtained a reducing substance by treatment with dilute acids. 
His hyalin no doubt corresponds to the ordinary vitreous-mucin. 
Moreover mucinogens seem to exist for other forms of mucin. 

Hammarsten’ found in working with the mantle-mucin of the 
snail, that acetic acid when added directly to the secretion gave a 
precipitate, which is at first almost insoluble in dilute alkalies, but 
which slowly dissolves in them to form a solution with the reactions of 
a true mucin; the former substance he calls mantle-mucinogen, the 
latter 

Previously to this Eichwald’, in preparing the mixed mucin fron 
the body of the snail, found that if he extracted the animals direct with 
lime-water he obtained no detectable quantities of mucin, whereas 
if they were heated with water, the hot extract yielded large quantities 
on addition of acetic acid. 

Loebisch’, working with soni mucin and discussing Ham- 
marsten’s mucinogen and mucin, regards the precipitation of mucin 
from its solutions by acids, as a conversion into an anhydride, and says 
that mucinogen, mucin solutions and precipitated mucin differ from 
each other in having different quantities of water in their constitution. 

_ It therefore seems to me that the failure of many observers to 
obtain mucin from the vitreous is to be explained that either they used 
eyés too fresh and which therefore probably only contained mucinogen, 
or else that on adding acetic acid, and observing only an opalescence, 
which cleared up on further addition, they regarded this as conclusive 
of the absence of mucin. 

_ And this view seems somewhat supported by the fact that Giacosa, 
who obtained mucin from human eyes, distinctly states that they were 
_ removed at least 24 hours after death. 

Reactions of vitreous-mucin. The precipitate prepared by either of 


the two methods described, was collected and allowed to stand under 


weak acetic acid for some days, being frequently shaken. It was then | 
washed with distilled water, and dissolved in weak baryta water, again 
precipitated with dilute acetic acid, allowed to settle and then collected 


on a filter. It was again washed with dilute acetic acid, and then with . 


distilled water till the washings contained no acid. 
Vitreous-mucin when precipitated by acetic acid generally comes 
down as an extremely fine precipitate rendering the fluid opalescent or 


1 Hammarsten. Pfliger’s Archiv, Bd. xxxvi. p. 373, 1886, 
2? EKichwald, Jn". Ann. der Chemie u. Pharm. Bd. cxxxtv. p. 177, 1865. 
3 loc. cit. p, 76. 
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milky, according to the amount of mucin in solution; on standing small 
white flocculi separate out and fall to the bottom. When collected on 

_ a filter it forms a coherent flesh-coloured film, which rapidly darkens in 

colour if kept, becoming first light brown and then darker. 

‘ Mucin so prepared i is found to have a distinctly acid reaction, to be 
- quite insoluble in distilled water, but almost instantly soluble in very 
dilute alkalies such as +, baryta water, or in 0°5°/, sodium carbonate or 
very dilute potash, forming faintly yellowish solutions, slightly viscid, 

and neutral or very faintly alkaline in reaction. 

Such a solution is found to give the following reactions. 

Colour tests. Piotrowski’s. Copper sulphate gives a white gela- 
tinous precipitate, forming with potash a violet solution. 

Gnezda’s’. Nickel-sulphate and potash gives a faintly yellow 
solution. 

Pickering’s*. Cobalt-sulphate and potash a well-marked brown 
solution. 

It gives Millon’s reaction typically. 

With Adamkiewicz’s reagent, it gives a faint reddish violet color- 
ation. 

__ It gives Liebermann’s reaction with concentrated hydrochloric 
acid, though faintly. 

It also gives the sulpho-molybdic test. On heating with molybdic 
acid and strong. sulphuric acid a thick blue solution is obtained, which 
on heating becomes a brilliant green, as observed by Pickering 
for proteids. 

Vitreous-mucin when heated with some dilute acid like 2°/, 
sulphuric or hydrochloric for a quarter to half-an-hour on a water bath, 
yields a substance reducing Fehling’s or Trommer’s test. To get a 
well-marked reduction, it is necessary to neutralise the acid solution 
with dilute potash, and boil with a crystal of sodium sulphate, filtering 
off the precipitated proteid, and then testing the filtrate with Fehling’s 
solution. 

Mérner* states that from ox vitreous-mucin he was unable to 
obtain any albuminate, as a result of the action of acids or alkalis ; this 
observation I cannot confirm. 

From vitreous-mucin when treated as above, I cwaslahte obtained 
an abundant flocculent precipitate on neutralisation, which dissolved 

1 Proc. Roy. Soc. :xiv1. p. 202, 1889. 


2 This Journal, XIV. p- 347, 1893. 
3 Morner. Zeit. physiol, Chem. Bd. xvmt. p. 251, 1892. 
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instantly in either acid or alkali, such solutions giving all the ordinary 
reactions of albuminates. _ 

Behaviour of vitreous-mucin solutions to acids. Glacial acetic acid 
gives an abundant white precipitate, which is very readily soluble 
in excess, forming a slightly opalescent solution, which is readily re- 
precipitated in fine white flocculi on dilution with distilled water. | 

With 10°/, acetic, vitreous-mucin solutions are readily precipitated, 
but the precipitate is insoluble even in considerable excess of acid. 

0'2°/, hydrochloric acid at once precipitates vitreous-mucin, and 
this precipitate readily dissolves in excess, forming a clear solution, 
which is reprecipitated on dilution. 

2, hydrochloric acid gives a white precipitate if added very 
carefully, but it is instantly soluble in the slightest excess. Such 
an acid solution of mucin gives the following reactions, which are not 
given by an alkaline or neutral solution. 

(1) Potassium ferrocyanide renders the solution turbid, and after 
a time a white precipitate separates out. 

(2) Potassio-mercuric iodide at once gives a white flocculent 
precipitate. - 

Nitric acid gives a fine white precipitate, ohlek: turns yellow on 
heating, and sinks as large yellow flocculi on cooling. 

Vitreous-mucin is also precipitated more or less readily by the 
following acids :—citric, tartaric, tannic, trichloracetic, picric, phospho- 

molybdic, phosphotungstic and salicyl-sulphonic. 
_ With trichloracetic acid 10°/,, it is precipitated with great readiness, 
large flocculi at once separating out and settling. 

McWilliam’ observed “little change on strongly acidifying a lime- 
water solution of vitreous-mucin with salicyl-sulphonic acid, certainly 
nothing like the marked effect of acetic acid.” 

I have found, however, that such solutions are very readily precipi- 
tated by this acid, and the precipitate does not clear up on boiling. 

Action of neutral and metallic salts on vitreous-mucin solutions. 
I have found that sodium chloride does not markedly affect the 
precipitation of vitreous-mucin by dilute acetic acid, while sodium 
acetate, as Loebisch observed with tendon mucin, does prevent its 
precipitation if present in large excess. 

Purified vitreous-mucin, well washed, was suspended in distilled 
water, and allowed to dialyse for 24 hours, so as to be nearly salt-free, 


1 McWilliam. Brit. Med. Journ. 1891, Pt. 1. p. 888. 
PH. XVI. 22 
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and then dissolved by the addition of as little sodium carbonate solution 
as possible, The solution so obtained was mixed with solutions of 


sodium chloridé or acetate in varying proportions and acetic acid 
added. The following table sets forth the results obtained, 


Solution Result After standing 24 hours 
lac : 1% en Thick layer of precipitate at 
and milky ‘bottom of tube, supernatant 
10 10 sodi 40 have fallen, but 
ac, 10 cc, sat. um Opalescent ve 
chloride solution I less in quantity: than above 
10¢.c. 5 ¢.c. sat. sodium 1°, Opalescent Ditto 
10 N pene gpa 2°, Opaq | dmilky . Has settled in large fi 
_ 10¢.c. No salt solution ue an se in 
10c¢.c. 10 ¢¢. sat. sodium 2°/, Ditto Precipitate has now fallen, 
@hioride solution quite as abundant as above 
10c.c. 10¢.c. 2%, sodium 2°, Ditto Ditto 


chloride solution 


10¢.c. 10 ¢,¢, sat. sodium 2°, Opalescent no — 
acetate solution has come down 
10c.c. 5 sat. sodium 2°), Ditto Ditto 


10 sodium 2°, Strong opalescence Small amount of pitate 
acetate now su i 
1000. 5 ¢.¢, 2%, sodium 2°,- Ditto 

Vitreous-mucin is very readily precipitated from its solutions by 
complete saturation with sulphate and less readily by 
sodium chloride. 

It is also very readily by of many metallic 
salts; including ferric chloride, lead acetate, basic lead acetate, and 
mercuric chloride, but it is not precipitated by potassio-mercuric iodide. 

Prof. Halliburton has very kindly allowed me to include in this 
part of my paper the following experiments which he has carried out 
with ox vitreous-mucin. | 


“ Mucin obtained by 2 +o baryta water from ox-eyes, precipitated by acetic 
acid, redissolved in baryta, reprecipitated by acetic acid, and tested as 
follows :— 

(1) Heated with dilute sulphuric acid—a reducing substance formed. 
~Mucin collected, dissolved in 1 °/, hydrochloric acid, and then 

diluted to 0-5 °/,-—pepsin solution added, and left at 40° C. 

No precipitate of nuclein formed as with nucleo-albumins. i 

(3) Ultimate analysis of the mucin showed it was free from shaceabeatian, 

(4) Vitreous-mucin—precipitated twice and — suspended in water 
just ey acid with acetic acid. 
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“At temperature of air— a drop of baryta water dissolves it. 
_ Heated first to 50° C. for 10 mins.— ditto 


” ” 60—65 ” ditto 
” ” 70—75° 0. ” ” not easily dissolved. 
99 »  %0—72°C. for 1 hour—is now quite insoluble. 


Filtering off the precipitate, the filtrate was found to contain a substance — 
which did not give the proteid tests nor reduce Fehling’s solution, but 
which gave a reduction after treatment with dilute sulphuric acid. That is, 
during heat coagulation, the proteid radicle underwent coagulation, the 
carbohydrate (animal gum) entering either wholly or partially into solution. | 

(5) Vitreous-mucin is rendered insoluble by the prolonged action of 
alcohol, as the following experiment shows. | 

Dec. 20th. Some vitreous-mucin put under alcohol. 

Jan. 17th. Still slightly soluble in baryta water ; the filtered extract 
gives a small precipitate with acetic acid. 

Jan. 28th, Is insoluble in baryta water, also insoluble in water; the 
aqueous extract contains no animal gum, i.e., after treatment with 
sulphuric acid yields no reducing substance. 

(6) Vitreous-mucin is precipitated by saturation with sodium chloride. 

(7) Mucin can be extracted from vitreous by water ; the extract gives a 


stringy precipitate with acetic acid; this was dissolved in 1°/, sodium 


carbonate, again precipitated by acetic acid. This precipitate is insoluble in 
water. The sodium carbonate solution of mucin is completely precipitated by 
saturation with magnesium sulphate. No proteid or animal gum in filtrate, 

(8) Mucin, precipitated by acetic acid, dissolves slightly in 5 °/, sodium 
chloride and also in 5°/, magnesium sulphate. Neither solution coagulates 
when heated, but it contains mucin, as it gives proteid tests and after 
treatment with sulphuric acid reduces Fehling’s solution.” 


(c) On the proteids of the vitreous humour. 


The vitreous is found to contain small quantities of coagulable 
proteid, since if some fresh filtered vitreous fluid be taken, acidified 
slightly and again filtered, and then heated, it becomes opalescent, and 
then flocculi of coagulated proteid separate out, while if these be 
filtered off, mucin can readily be obtained from the filtrate on the 
addition of acetic acid to 2 or 3 °/,. , 

The nature of these proteids was then investigated as follows :— 


50c.c. clear vitreous fluid was obtained by filtration from fieah vitreous 
humours ; diluted slightly and then saturated with magnesium — and 
shaken. 
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On standing, a small quantity of a white flocculent precipitate separates 
out. This was collected on a filter, washed with saturated magnesium 
sulphate solution, and then dissolved by adding: distilled water. A clear 
solution is obtained, which was faintly acidified with 0-2°/, acetic acid and 
found to coagulate on heating up to 73°—75° C. 

The filtrate from the magnesium sulphate saturation is clear, and on being 
acidified slightly and heated, it gives a faint coagulation at 77°—80°C. The 
quantity of this proteid is very small. 

The vitreous does not contain albumose or peptone. On saturation of 
some vitreous fluid with ammonium sulphate, the filtrate is found to be 


quite proteid free. The precipitate obtained by the saturation is dissolved 


by the addition of water, boiled to coagulate the albumin and — and» 
then filtered. This filtrate is also proteid-free. | 


The vitreous therefore contains two proteids :— | 
(1) A globulin in small quantities, coagulating about 75° C. 
(2) Traces of an albumin coagulating at 77°—80° C. 


B. THE WHARTONIAN JELLY. 


The Whartonian jelly according to Virchow' consists mainly of a 
semifluid mucin-yielding ground substance, contained in a meshwork 
formed by branching cells and fine wavy fibres. He regards it as 
a type of embryonic connective tissue, and classifies it with the 
‘Schleimgewebe’ or mucous tissues. 

The Whartonian jelly varies considerably in scobieliaas and quantity 
in different cords, in some consisting almost entirely of semifluid 
gelatinous material, present in very large quantities, in others of firmer — 
strands of tissue, white in colour, following the vessels in their 
winding course. The whole cord receives a thin transparent covering 
continuous with the amnion. 

I have carried out experiments as iillows: — 

(a) On funis-mucin. 
(b) On the proteids of Whartonian dally, 


(a2) Funis-mucin. 


Since one can obtain large quantities of this Whartonian jelly, quite 
free from admixture with blood, or any tissue elements other than those 
peculiar to itself, it affords a convenient material for the study of ground 


1 Virchow. Verhandl. der phys. medicin. Gesellsch. in Wiirzburg, Bd. 1. pp. 160—162, 
1852, 
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substance in a slightly higher form of connective tissue than that of the 
vitreous. 

_ From this tissue, one can obtain very readily large quantities of 
mucin—which I have therefore called funis-mucin. 

The method used was carefully to dissect away the three umbilical 
vessels, (from which all the blood had been washed out) from the 
remaining tissue of the cord. This can be done with comparative ease. 
The tissue left behind, which is very slimy, is then well minced, and 
covered with a large quantity of dilute baryta water, (4 or j, saturated) 
about 500 c.c. to each cord used, and then allowed to extract for some 
days. 

The extract is then decanted or filtered off, and so one obtains a 
slightly yellowish fluid, very viscid and stringy in character, from which 
on the addition of acetic acid to about 3 or 4°/,, one obtains large 
quantities of mucin. 

Distilled or tap-water will also extract B semowwssa quantities of 
mucin. 

I have found some variation in the manner in which the mucin 
comes down on treatment with acid, depending: apparently on the 
amount of extraction fluid used, and the time of extraction. Thus, if a 


small quantity of baryta water be used in proportion to the number of 


cords taken, or if the extraction be allowed to go on for only 24 hours, 
one obtains an extremely viscid fluid, of almost semi-gelatinous con- 
sistence. 

On adding acetic acid in inal quantity to such a liquid, it becomes 
almost solid throughout, and then a transparent: mass is found to be 
floating in a perfectly clear fluid; this mass when first formed has 
exactly the appearance and physical character of vitreous humour. It 
rapidly begins to contract, and if stirred round with a glass stirrer 
coarse opaque pinkish threads make their appearance in it, and it 
rapidly shrinks to form a pink thready mass floating on the top of the 
fluid, which is quite clear ; or if a stirrer be-used, it attaches and winds 
itself firmly round it. 

If the extraction be allowed to go on for 4 or 5 dave or longer, in a. 
large quantity of baryta water and then acetic acid added to 2 or 3°/— 
the whole of the fluid at once becomes opaque and milky and large 
white flocculi of mucin rapidly separate out, and fall to the bottom, 
forming a thick white layer; while the supernatant fluid is quite clear, 
and no strings are formed at all. , 

If the extraction. be allowed to go on for an intermediate ~_ 
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e.g. 2 or 3 days, and then precipitated, part separates out as a 
colourless transparent jelly rapidly forming stringy masses, while the 
remainder of the fluid is milky, and flocculi of mucin rapidly settle. So 
that on standing for about an hour one has some pinkish threads 
floating on top, a layer of white flocculi on the bottom of the vessel, 


while the intermediate fluid is quite clear or faintly opalescent. 


_. These two forms of funis-mucin, when collected and washed, are 
found to possess slightly different properties. Thus the stringy form 
always floats in water, while the flocculent form always sinks. Their 
solubilities also differ. The flocculent form dissolves almost instantly in 
any dilute alkali, such as 0°5°/, sodium carbonate or 0°1°/, caustic 
potash, and if precipitated by acetic acid from such a solution comes 
down in flocculi. The stringy form is much less soluble in dilute 
alkalies—it first swells up shghtly and then slowly dissolves, although 
it dissolves fairly readily in baryta water. If such a solution be 
precipitated at once by acetic acid, it is again precipitated in stringy 


form—if, however, it be kept for 24 hours, and then treated with acetic 


acid, it is precipitated chiefly in the flocculent form. 

Again, the flocculi of mucin dissolve instantly in a small excess of 
glacial acetic acid, while the stringy form seems to be _ insoluble in 
large excess. 

It would thus seem that dilute alkalies i in extracting funis-mucin 
effect some change so as to convert it into a form having the ordinary. 
characters of a mucin. The thready material obtained by short 
extraction agrees in reactions with the mantle-mucinogen obtained by 
Hammarsten, and seems to stand in the same relation to the 
flocculent form as his mantle-mucinogen does to ordinary mantle-mucin. 

The flocculent form is much more easy to work with, as it can be 
more readily collected, washed and purified than the other form, It can 
be purified by redissolving in dilute baryta water, and reprecipitating 
by addition of acetic acid—allowed to settle, and then collected’ on 
a filter and well washed with distilled water till the washings are 
neutral in reaction. | 

Funis-mucin is thus obtained as a white silat with a: strong 


acid reaction ; if kept its colour darkens, becoming first yellowish and 


then brown in colour. It dissolves with very great ease in almost any 
weaker alkali such as 0°5°/, sodium carbonate or +, saturated baryta 
water, forming slightly yellowish solutions, which are very feebly alkaline 
or, if carefully prepared, Practically neutral in reaction. 

It is then found to give the same colour reactions as vitreous niucin, 
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the colouration obtained with copper sulphate of caustic potash is, « 
however, if anything more of a reddish violet than that obtained with 
vitreous mucin. | 

Reactions of funis-mucin with acids. With acids it gives reatiitis 
very similar to those of vitreous-mucin. | 

Acetic acid in any strength precipitates funis-mucin as a Aeniulent : 
white precipitate, and this precipitate is insoluble in excess if the acid 
be not stronger than 10 to 20°/,. 

_ With glacial acetic acid, I have however never failed to observe 
solution of the precipitate in excess is form a faintly opalescent 
solution. 

On the other hand, the thready cis of funis-mucin seems to be 
quite insoluble even in large excess of glacial acetic acid. 

Here possibly one may find an explanation of the discrepancies i in 
the results of Obolenski and Jernstrém, both of whom worked with 
a watery extract of umbilical cord. 

Obolenski’ stated that the mucin he. obtained was soluble in 
excess of acetic acid; while Jernstrém’, working under Hammar- 
sten’s superintendence, on no occasion observed any solubility of the 
mucin in excess. 

Neither observer unfortunately states how long he carried on his 
extractions. 

I have once or twice made an extraction with water, “a have 
obtained chiefly the thready variety, so that this would explain 
Jernstrém’s observation. 

0:2°/, hydrochloric acid precipitates from its solutions 
as a cloudy precipitate, but this at once dissolves up on the addition of 
more acid. Similar results are obtained with stronger acid. 

If some purified funis-mucin be boiled with 2°/, hydrochloric acid 
for half to two hours, and then the filtrate tested with barium chloride, 
“no precipitate of barium sulphate is obtained, showing that funis- 
mucin does not contain sulphur in ethereal combination like chondro- 
mucin. 

If the boiling be continued for a long time, one obtains floceuli of 
material, which dissolve readily in weak alkali, give a biuret reaction, 
and are not precipitated by acetic acid, although readily precipitated by 
hydrochloric. This body I have not further investigated. 


1 Obolenski. Pfliiger’s Archiv, Bd. tv. p. 848. 1871. 
2 Jernstrém. Abstract by Hammarsten in Maly’s Jahresb. p- 34, original in 
Swedish in Likaref. Forhandl. xv. p. 484. 
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When these flocculi are filtered off, and the filtrate neutralised with — 
potash, one obtains an abundant precipitate of acid albuminate, which is 
increased on addition of a crystal of sodium sulphate and boiling; the 
filtrate from this is found to be quite clear and when boiled with 
Fehling’s solution gives a reduction. ; 

I have however found that one obtains a better reduction if the 
boiling with acid has been carried on for a short time, twenty minutes 
to “half-an-hour, than if the acid has been allowed to act for two hours. 
In the latter case, one obtains only a slight reduction. 

The products obtained by heating funis-mucin with mineral acids 
seem therefore to be 

(1) Acid-albumin. 
(2) An albumose-like body, insoluble in hydrochloric acid. 
(3) A reducing substance or gummose, 

Nitric acid gives with funis-mucin a white precipitate, ied 
yellow on boiling, and separating out in large flocculi on cooling. 

Solutions of funis-mucin are also precipitated by the following 
acids :—Citric, tartaric, picric, tannic, trichloracetic, and salicyl-sul- 
phonic, very readily indeed by trichloracetic 10°/, and by salicyl- 
sulphonic—the latter gives a flocculent white precipitate which does 
not dissolve on heating. 

Funis-mucin is not precipitated by passing a stream of CO, through 
an alkaline solution. 

Neutral salts seem to hinder the precipitability of mucin by acetic 
acid only slightly, the results obtained by mixing funis-mucin solutions 


_ with salt solutions being almost the same as in the case of vitreous- 


mucin. The effect is much more marked with weak solutions than with 


strong, and sodium acetate has a much more marked effect than sodium | 
chloride. 


Mucin sol. Salt solution poem Result © After standing 24 hours 
10 c.c. _ 2°, tostant pre- Precipitate has sunk to bottom 
cipitation 
10cc,. 10c.c, sat. sodium 2°, O t  Precipitate slightly smaller in 
3 chloride solution amount 
10c.c. 65c.c, sat. sodium 2°/, Opalescent Precipitate slightly smaller in 
chloride solution amount 
10c.c. 10c.c, 2%, sodium  Opalescent Still only opalescent 
chloride solution 
10c.c. 10¢.c, sat. sodium 2°/, Opalescent Still only opalescent 
acetate solution 


10cc. 10¢.c, 2%, sodium 2°,  Opalescent Still only opalescent 


Funis-mucin is precipitated from its solutions by saturation with 
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sodium chloride or magnesium sulphate, by the latter with very great 
ease. | 

. Like vitreous mucin it gives a flocculent white precipitate with 
many metallic salts, such as :—Ferric chloride and lead acetate. | 

It does not give a precipitate with either potassium ferrocyanide or 
potassio-mercuric iodide when dissolved in alkali, although its acid 
solution in 0'2°/, ere acid, readily gives a precipitate with i 
those reagents. 

It is interesting here to compare the reactions of funis-mucin, with 
those of the mucins derived from other forms of connective tissue, 
namely, chondro-mucin from cartilage and tendon-mucin. 

It differs from chondro-mucin, in yielding no free sulphuric acid 
when boiled with dilute hydrochloric acid, nor does it yield chondroitic 
acid on treatment with alkalies or acids, as is the case with chondro- 
mucin. 

With tendon-mucin, it agrees in nearly all respects, except that 
tendon-mucin is much less readily soluble in hydrochloric acid. 

_ Ultimate analysis showed funis-mucin to be free from phosphorus. 


: (b) Proteids of the Whartonian jelly. 


An extract of some finely minced Whartonian jelly from fresh cords 
was made with 5°/, sodium chloride solution. 
_ This was found to contain considerable quantities of coagulable 
proteid. 


It was acidified with weak acetic acid, and then the proteids investigated 
first by the method of fractional heat coagulation. 

On heating up to 55°C. the fluid became strongly opalescent, and a 
distinct coagulation occurred at 56° C. 

This was filtered off, and the filtrate again slowly heated—a slight 
coagulation occurred at about 84°C. 

A part of the saline extract was then slightly acidified and then 
completely saturated with sodium chloride—considerable quantities of a 
white flocculent precipitate separated out. This precipitate was collected, 
washed with saturated sodium chloride solution, ein then dissolved by the 
addition of distilled water. 

It formed a faintly opalescent tative, which on acidifying slightly and 
heating coagulated at 56° C. 

This proteid is precipitated by pouring its solution into distilled water. 
The filtrate from the sodium chloride saturation experiment gave a slight 
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coagulum at 84°C., which is therefore due to an albumin, possibly serum 
albumin, present only 3 in wy small quantities. 


‘No other proteids were found—so that the proteids of. Whartonian 
jelly are a globulin in fair quantity coagulating at 56°C., and traces of 
an albumin coagulating at 84°C 

A globulin like the ibove’ seems to exist in other forms of 
connective tissue, thus Loebisch’ obtained a proteid with the reactions 
of myosin from a 15 °/, saline extract of tendon, while from the cornea, 
Bruns’ stated that myosin was obtainable. 


On § SOME DECOMPOSITION. PRODUCTS OF CONNECTIVE 
TISSUE MUCIN. 


‘Rekeaniee’ defines a mucin as a colloid, proteid-like body 
_ whose solutions are viscid and sticky, give a precipitate with acetic acid 
which is insoluble in excess, and which on heating with dilute mineral 
acids yields a body reducing Fehling’s solution. 

. This latter reaction, he says, differentiates mucin from many bodies 
which by their physical characters closely resemble it, e.g. the mucoid 
nucleo-albumin of the bile, etc. 

He then proceeds to divide mucin substances into two groups. 

(i) True mucins. 
(ii) Mucoid or mucinoid bodies. 

But he allows that no sharp boundary can be drawn between these — 
two classes, and that bodies with characters intermediate between the 
two classes do exist. 

True mucins are characterised by all the above reactions typical of 
mucin ; while mucoid substances, though yielding a reducing product on 
treatment with dilute mineral acid,. have other solubilities, and are 
generally soluble in excess of acetic acid. 

Among the true mucins he includes: Submaxillary mucin, don 
mucin, and snail mucin, while among mucoid bodies he includes— 
“chondro-mucoid” or chondro-muein from cartilage—* cornea-mukoid ” 
or cornea-mucin from cornea or vitreous-mucin, 
and 80 (on. 

Funis-mucin he originally regarded as not a true mucin, on account 


1 Loebisch. loc, cit, p. 76. 
* Bruns. Hoppe-Seyler’s med,-chem. Untersuch., p. 260. 


_ § Hammarsten. Lehrbuch der physiol. Chem. p, 26. Wiesbaden, 1891. 
See Jernstrém. Loe. cit. 
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of its high percentage of sulphur, but rather as a body intermediate 
between proteids and true mucins; he now however classes it among 
these latter bodies. 

Such a classification, however, seems to me to be anita semmaomeiey, 
and hardly justified, since our knowledge of the chemical composition’ 
of the various mucins is at present very scanty, and I have not been 
able to determine to which of these two classes funis-mucin belongs, — 
since apparently it exists in two forms, one soluble, the other insoluble 
in excess of acetic acid. | 

I have carried out some experiments with regard to some of the 
_ decomposition products of funis-mucin, which may be considered under 
the following heads: 

) @ The reactions of the Aepsarins product obtainable from it by 
acids, 

(b) The action of digestive juices on funis-mucin. 

_ ((c) The action of strong alkalies on funis-mucin. 


(a) Reactions of peorsieetie: product. 


This body was first obtained by Eichwald’ from the mucin of the 
garden snail and was by him regarded as identical with grape sugar. 
_ Landwehr’ obtained from mucin a carbohydrate-like body which 
he called “animal gum,” and to which he assigned the formula 
(C,H,,O,),, and stated that from this by boiling with dilute mineral 
acids a reducing sugar called “ gummose” could be obtained, which did 
not however undergo the moonate fermentation and % was not identical 
with grape sugar. 

At first he regarded mucin as a mixture of this animal gum with — 
globulin, but later he withdrew this statement and agreed that the two 
substances were chemically combined, so that - mucins can be nightly 
regarded as animal glucosides. 

It is extremely probable that there is more ian one iad of sation 
gum, and that the reducing substances obtainable from different forms 


1 For an interesting résumé of some of the more important facts about mucins see Leo 
Liebermann, Biol. Centralblatt, No. vu. 1887—88, p. 54. Liebermann states that 
there are sulphur-coritaining and sulphur-free mucins, but this is probably wrong, since 
from all mucins sulphur has now been obtained, although the earlier observers Eichwald 
and Scherer failed to find it. 

2? Kichwald. loc. cit. 

3 Landwehr. Zeit, Chem. Ba, VI., Vil., IX. Archiv, XXXIx. 198, 
xu. 21. 
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of mucin are not all the same, so that a study of the exact reactions of 
this body in each form becomes a matter of importance. 

Thus Hammarsten’ has prepared from the albumen gland of the 
snail a mucin-like body which he called “ glycoproteid,” and from which 
he obtained a levorotatory carbohydrate called “animal sinistrin,” 
which on boiling with dilute mineral acid yielded a dextrorotatory sugar. 

I have found it best to obtain the gummose from funis-mucin by 
boiling it with 2°/, HCl for about half-an-hour, and then to neutralise 
carefully with potash, and filter off the precipitated albuminate, boiling 
with a crystal of sodium sulphate previously if necessary. 

If boiled for a longer period, one obtains a much feebler reduction 
with Fehling’s solution. 

I found that the solution of the reducing body so obtained reduced 
both Fehling’s and Trommer’s tests, but gave no trace of reduction 
with Barfoed’s reagent. , 

I have attempted several times to obtain a igbiatpiiediaaine 
compound of this reducing body in a crystalline form, but have not 
succeeded, in each case I obtained a brown amorphous body; the 
following was the method adopted : 


A quantity of the solution of the reducing diac obtained as above was 
heated on the water bath with 1 gramme of phenyl-hydrazine hydrochloride 
and 2 grammes of sodium acetate for half-an-hour—small dark brown flocculi 
began to separate out, and became much increased in quantity on cooling, 
forming a brown layer on the bottom of the vessel. This precipitate was 
collected, dissolved in hot alcohol, diluted with distilled water and then 
boiled to expel the alcohol. On standing a reddish brown precipitate fell to 
the bottom, which examined microscopically was found to be amorphous, no 
crystalline forms of any kind being detected. | 

It was therefore collected, again dissolved in alcohol and the latter 


allowed to evaporate off slowly, but the — came down in an 
amorphous form as before. 


I have also tried Molisch’s oi and sulphuric acid test for 


sugars, but have not obtained any reaction with the weak solution of — 
gummose I have used. 


(b) Action of digestive juices on eilasiinale, 


Hoppe-Seyler® stated that mucin was unaffected by Peete 
extract. 


1 Hammarsten. Pfliger’s Archiv, xxxvi. p. 873, 1886. 
2 Hoppe-Seyler. Physiol. Chem. p. 267. 
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Halliburton! states that connective tissue mucin is not attacked 
by gastric digestion, but that on pancreatic digestion it splits up, 
yielding albumoses, peptones and a reducing substance derived from the 
animal gum. 

Walchli’* studied the products obtained by the action of pancreatic 
digestion on: mucin prolonged till putrefaction sets in. He obtained 
indol, skatol, phenol, considerable quantities of butyric acid and a “body 
possessed of a sweet taste and reducing copper salts.” | 

Unfortunately, however, he used snail mucin, which Hammarsten* 
has shown to be a mixture of four different bodies, mantle and foot 
mucin, glycoproteid from the albumen gland, and a nucleo-albumin 
from. the liver; moreover Walchli used 5 grammes of ox pancreas 
to effect the digestion, and it is difficult therefore to differentiate from 
which of these bodies the above products were obtained. | 

In my own experiments I have only allowed digestion to go on for 
24—48 hours and have in ‘all cases prevented putrefaction by the 
addition of salicylic acid or thymol. | 

I found funis-mucin, almost, if not quite, unaffected by a gastric 
juice prepared by mixing ‘2°/, hydrochloric acid and Benger’s Liquor 
Pepticus. 

Control experiments showed that the juice was active. 

By artificial pancreatic juice it is however readily —" as 
the experiments show. 


EXPERIMENT 1. : 


5 grammes of moist purified funis-mucin dissolved in 200 c.c. 1°/, sodium 
carbonate and 20 c.c. Liquor Pancreaticus (Benger) with a little salicylic acid 
added, and the mixture allowed to digest for 48 hours at 40° C. 

It was then neutralised with acetic acid, and filtered. Filtrate gave no 
precipitate with acetic acid, so that all the mucin had been digested. The 
filtrate gave no reduction of Fehling’s solution, so all the proteids were 
precipitated from a part by alcohol and the alcoholic filtrate concentrated and 
then tested with Fehling but no reduction was obtained. _ 

The remainder of the neutralised digestion fluid was then slightly 
acidified with acetic acid and saturated with ammonium sulphate and shaken. 
A fair precipitate of mixed albumoses was obtained, chiefly deutero-albumose. 
They were then dissolved by the addition of water and tested with Fehling, 


1 Halliburton. Chem. Physiology and Pathology, p. 481. 
2 W&lchii. Jl. fir prakt. Chemie, Bd. xvn. p. 71, 1878. 
Hammarsten. Pfliiger’s Archiv, xxxv1. 
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but gave no reduction. On being boiled with 2°/, hydrochloric acid for ten 
minutes, however, a most brilliant reduction of Fehling’s solution was 
— 


EXPERIMENT 2. 


3 The ine was only allowed to go on for 28 homie, The undigested 
mucin, was precipitated by acetic acid, and filtered off. The filtrate was 
neutralised and the mixed albumoses and peptone precipitated by alcohol. 
The alcoholic filtrate as before gave no reduction. The precipitate of — 
albumoses and peptone was collected, washed with alcohol, dissolved by the 
addition of water and then tested with Fehling, but no reduction was 
obtained. 3 


On boiling some of the solution for ten minutes with 2°/ hydrochloric 
acid, and then testing with Fehling, a most brilliant reduction was obtained. 


_ It would therefore appear that on pancreatic digestion funis-mucin 
yields true mucin-albumoses and mucin-peptone, and it is interesting to 
observe that Hammarsten* has prepared from ascitic fluid, among — 
other bodies, a substance which he called “mucin-albumose,” which 
dissolved in water, was not precipitated by acetic acid nor by copper 
sulphate, but was completely precipitated on saturation with Am,SO,. 

Eichwald’® prepared from snail mucin a body which he called 
‘mucin peptone’ by prolonged heating with dilute lime-water, but this 
does not seem to have been a true mucin peptone, as it did not yield a 
reducing substance. 


(c) Action of strong alkali on funis-mucin. 


Obolenski® stated that if submaxillary mucin were heated with — 
concentrated ‘solution of caustic soda on a water-bath for 20 minutes, 
and then neutralised with sulphuric acid and extracted with ether, the 
ethereal extract contained pyrocatechin. 

- Halliburton‘ was not able to confirm. this obrervation with 
connective tissue mucin. 

I: have tried with funis-mucin, but with a negative result—no 
reducing substance of any kind being obtained. On heating with a 
rears solution of potash for 20 minutes, I obtained a — 


Zeit, physiol. Chem. xv. p. 202. 
Eiechwald. cit. 
3 Obolenski. Pfliiger’s Archiv, Ba. IV. p. » B45, 
* Halliburton. Text Book of Chem. Physiol. p. 481, 
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solution, which on the addition of sulphuric acid yielded a distinct smell 
of indol and skatol. The ethereal extract gave no colouration with ferric 
chloride. With dilute fuming nitric acid it gave a slight — 
white 

D. GENERAL SUMMARY. 

The Siesend results obtained j in this research may be very briefly 
summarised as follows: 

1. The vitreous humour does contain mucin, though in compara- 
tively small quantities, and very possibly as a mucinogen. | 

2. This vitreous mucin is distinctly soluble in excess of strong 
acetic acid, but otherwise has all the reactions of a typical mucin. 

3. The vitreous humour is extremely poor in solids, containing only 
slightly over 1°/,. 

_ 4 The intact vitreous shows a great resistance to the action 
of digestive juices or putrefaction. 

5. From the so-called membranes of the vitreous, one can — 
distinct though small quantities of gelatin. 

6. Vitreous-mucin when boiled with dilute mineral acid yields a 
reducing body, and also acid albumin. 

7. The vitreous contains small quantities of two other proteids 
besides mucin—a globulin coagulating at 75°C. and an albumin 

coagulating at about 80° C. 
From Whartoftian jelly large quantities of mucin can be very 
readily extracted, and this mucin can be obtained in two forms, one 
soluble, the other insoluble in excess of acetic acid. 

9. This mucin has a strong acid reaction, and darkens on exposure ; 
it gives the ordinary proteid colour tests. 

10. It is phosphorus-free and does not contain its sulphur in 
ethereal combination as is the case with chondro-mucin. 

11. When heated with dilute mineral acids it yields acid albumin, 
an albumose-like body and a reducing substance. 

12. The Whartonian jelly contains two proteids, a globulin 
coagulating at 56° C., and probably identical with the myosin which has 
been described as occurring in other forms of connective tissue; and an 
albumin coagulating at 84° C. 

18. The reducing product or gummose obtained from funis-mucin 
gives Fehling’s and Trommer’s, but not Barfoed’s reaction. It 
gives a brown amorphous compound with Phenyl-hydrazine. 
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14. Funis-mucin is not digested by artificial gastric juice, but is 
readily digested by artificial pancreatic juice, and the products obtained 
are probably true mucin-albumoses and mucin-peptone, that is, = a 
reducing substance on heating with dilute mineral acids. 

15. Pyrocatechin is not one of the decomposition products of 
funis-mucin by heating with strong alkalies, as was stated by Obolenski 
for submaxillary mucin; indol and skatol being obtained with funis- 
mucin and no trace of pyrooktedliin.- 


March 2nd, 1894, 
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ON THE FORMATION OF HEAT IN THE SALIVARY 
GLANDS. By W. M.BAYLISS, B.A. BSc. anv LEONARD 
HILL, M.B., Assistant Professor of Physiology, University College, 


(From the Physiological Laboratory, University College.) 


HISTORY. 
Ludwig and Spiess(!) in 1857 and Ludwig(2) in 1860 determined the 


submaxillary saliva of the dog to be from 1°C. to 1°5°C. warmer than 


the blood in the carotid artery. 

The thermo-electric junction asta’ was employed by Ludwig and 
Spiess, the thermometric method by Ludwig. The present research 
was undertaken by us in order to investigate the formation of heat 
under the varying conditions of stimulation of either the chorda 
tympani or of the cervical sympathetic nerves. Bernard(3) had found 
that stimulation of the chorda tympani produced a rise of temperature, 
and that a slight rise still occurred after ligature of the vessels. On 
the other hand, the stimulation of the sympathetic produced a fall 
of temperature which he asserted was still recognisable after ligature of 
the vessels of the gland. | 

Bernard does not state to what degree the temperature changes 


reached, nor whether the temperature attained to was higher than that _ 


of the arterial blood. 

Heidenhain(4) made one or two tentative experiments on the 
effect of sympathetic stimulation, and his observations as far as they 
went pointed to a rise of temperature. 


METHODS OF RESEARCH. 


Considering the large results obtained by Ludwig and Spiess 
under conditions of apparently most careful experimentation, there 
PH, XVI. 23 
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seemed to be little difficulty in the research we proposed, but we 
unexpectedly found it quite impossible to obtain any constant results 
by the methods of Ludwig and Spiess, and finally have been brought 
to the position of denying that any measurable formation of heat can be 
demonstrated 1 in 


; | I. The wire-resistance thermometer. 


(1) In the dog. We first employed the wire-resistance method of 

investigating temperature changes which was so successfully used and 

is fully described by Rolleston(5) in a paper. on the formation of heat 
in the nerves of the frog. 

We threaded one wire through the gland which was to be stimu- 
lated to activity, and the other wire through the gland on the opposite 
side which remained at rest. This method had to be abandoned owing 
to the impossibility of maintaining any constancy in the resistances of 
the two wires threaded through the warm tissues of the dog; the 
slightest movements, such as those caused by artificial respiration in the 
curarised animal, were sufficient to produce deflections of the galvano- 
meter even when the animal’s head was enclosed in an air-bath kept 
at a constant temperature. 

We therefore came to the conclusion that the resistance thermo- _ 
meter cannot be employed for the investigation of temperature changes 
in a warm-blooded animal. 

(2) In the grass snake. We then attempted to employ the same 
method on a cold-blooded animal and chose for investigation the 

, salivary gland of the common grass snake. The glands were threaded 

with the wires, rapidly excised and placed under a bell glass, and 
excited directly (see Rolleston(5)), From this experiment we could 
obtain no evidence of any measurable formation of heat. 


(1) The method next examined was that of Ludwig and Spiess. 
Thermo-electric junctions were made of iron and German-silver wires 
soldered together. One junction was placed in the salivary cannula or 
in the substance of the gland, the other junction was placed either 
in the central end of the opposite carotid or in a glass T-cannula which 
was inserted into the carotid and through which the blood continued 
to circulate. The wounds, after placing the junctions in position, were 
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closed and protected with cotton-wool. This method gave us such 
inconstant results, that we came to the conclusion, after fifty to sixty 
experiments carried on during the last two or three years, that owing 
to clotting and interference with the circulation, the temperature of 
the carotid junction could not be looked upon as the real blood 
temperature. | 

We then placed the animal's head in a warm air-bath kept at 
the temperature of the rectum and repeated this method of experiment, 
but were 5 again unable to obtain any positive results. 


The final method of this research. 


It will be remembered that Bernard proved that, in consequence of 
the velocity of the mlood-fow, the temperature is the same in all 
the large arteries. 

Having therefore reached the above conclusion we sins carefully 
insulated one thermo-electric junction, and passed it up a gum-elastic 
catheter, so that the junction lay exposed in the eye of the catheter. 
The femoral artery in a large dog was then exposed and the catheter 
pushed up into the aorta, so that the junction was exposed to the full 
blood-stream. The pulsation of the opposite femoral showed that the 
circulation was unimpaired. The second junction was placed in a glass 
T-cannula which was in connection with (1) the salivary cannula and 
(2) a tube for filling the T-cannula with warm water. The glass 
T-cannula was two inches long and was made of thick small-bored 
manometer tubing. The silver salivary cannula was so short that the 
junction of this with the T-cannula lay within the wound. The junction 
was effected by half-an-inch of fine rubber tube. Before and after each 
experiment the junctions were proved to be completely insulated. 

The galvanometer employed was a Thomson low-resistance, reflect- 
ing instrument. 

A difference of 1°C. between the junctions was found to give 
a deflection of the spot of light of 30° of the scale employed. 

When we had placed the junctions in position, the blood junction 
was of course found to be warmer than the salivary junction which lay 
in the empty and exposed T-cannula. Warm water was therefore run 
_ through the T-cannula until the salivary junction was warmed up to 
the same temperature as the blood and the spot of light was brought to 
zero. <A clip was then placed on the feeding tube from the warm 
water reservoir. The glass T-tube, thus left full of warm water at the 
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temperature of the blood, was next covered with wool, and the wound 
closed round the salivary cannula and protected with wool. The free 
end of the T-cannula was alone left exposed from which the flow 
of saliva could be observed. By this means the zero point was 
maintained long enough for the excitation of a free flow of saliva, 
or the fall of temperature in the T-cannula was only five to ten divisions 
of the scale during a time equal in length to the excitation period. 

During such a period the gland being excited to activity, the 
secretion of saliva and the galvanometer deflection were noted. 

Under these conditions the ‘saliva never proved to be 
warmer than the aortic blood. 

If the salivary junction were made slightly warmer than the blood 
the saliva cooled the junction slightly beyond zero; if the junction were 
made slightly cooler than the blood the saliva warmnéd it almost to 
zero. 

These results appear in the following typical experiment. 


Jan, 22, 1894, Very large smooth black dog. 

Anesthetics. Chloroform and morphia, 

The dog was kept warm on a hot water tin. 

Catheter junction in aorta, salivary junction in ‘T-tube with warm water 
= blood warmer. 

iu the beginning of the experiment warm water was run into the A 
cannula till the galvanometer stood at + 10. 


Time. Nerve, Deflection. Secretion. 
1.10 p.m. Chorda +10 t0 + 5 Very free. 
Warm water was then run in till the galvanometer stood at — 5. 
1,20 Chorda — 5to+2 Very free. 
1,22 +. 5t0 +2 
1,23 is + 9to +2 
Warm water added till the galvanometer stood at + 2. 
1,21 Chorda + 2t0+2 Very fre. 
1,31 9s +10 to +2 


The stimulation was then maintained for three minutes, the oth of light 
remained steadily at + 2, the saliva still flowed at the end of the experiment. 


On placing the salivary junction in the tissues of the wound round 
the salivary cannula after the above experiment the temperature was 
found to be the same as that of the aortic blood. | 

The result was the same if the salivary junction was placed in the 
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substance of the submaxillary gland. If the wound was closed and 
covered with wool the galvanometer needle soon took up the zero 
or almost the zero point. Thus :— 


Jan, 31, 1894. Large Fox-Terrier. 
Anesthetics, Ohloroform and Morphia. 
_ The dog was kept warm on a hot water tin. 
Catheter junction in aorta, salivary junction in submaxillary gland. 


Time. Nerve. Deflection. Secretion. 
1.40 Chorda + 0t00 


The carotid artery was then clamped in order to eliminate the 
possible cooling due to the — flow of blood through the gland. 
Thus :— 


Carotid clamped and immediate stimulation. 
Time, Nerve. Deflection. Secretion. 
(1.45 Chorda 0 to 0 moderate 
Stimulation of the Sympathetic nerve gave us equally negative results. 


MERCURIAL THERMOMETER METHOD. 


We finally investigated Ludwig’s method of experimentation with 
Geissler’s thermometers, 

We carefully compared the thermometers with one another in warm 
water before the experiment. 

It will be remembered that Geissler’s thermometers consist of 
a bulb, a naked stem, and the calibrated part of the stem enclosed in a 
glass jacket. In order to obtain readings which accurately agree of any 
two thermometers, it is necessary to cover a certain empirical amount of 
the naked stems with the warm water. 

Under this condition our thermometers corresponded exactly in the 
range of temperature of the experiment in warm water. On the other 
hand it is very difficult to be sure that exactly the same amount of the 
stems are covered by tissues of the same temperature along the whole 
line of the stems, when the thermometers are placed in position in an 
animal; and this makes the thermometric method far inferior in 
exactness to the thermo-junction method. 

One thermometer was introduced up the femoral artery of a large 
dog into the aorta, the other thermometer was placed in the glass 
T-cannula which was connected with the hot water reservoir and 


5 
‘ 
4 
3 
3 
Bas! 


$56 BAYLISS AND HILL. 


the salivary cannula as before. The corresponding amount of stem was 
enclosed in the T-cannula to that in the artery. 

- The thermometer in the empty T-cannula was of course colder 
than the aortic thermometer. Warm water was therefore run in till 
the temperature of the T-cannula was the same as, or slightly above, 
that of the aorta. The T-cannula was then covered with cotton-wool 
and the wound closed round the salivary cannula and covered with wool. 
Under these conditions the salivary thermometer when left to itself 
cooled ‘5° C. in two minutes. 


¢ 
| | EXPERIMENT. 
Feb. 5, 1894. Large Retriever Dog. 
Anesthetics. Chloroform and Morphia. 
The dog was rapidly prepared and kept warm on a hot water sie 


Blood temperature = 38°6, 
Salivary thermometer was warmed up to 38-7 before the experiment. 


- Time. Nerve. a of Blood Temp. Salivary Secretion. 
stimulation. cannula Temp. | 
(1) 1.10pm. Chorda 30” 386 From 387 Very free 
to 38°2 
Salivary cannula warmed up to 38-9. 
(2) 115 p.m. Chorda 38°6 From 38:9 
to 


The thermometer was then taken out of the salivary cannula and pushed 
down the central end of the carotid artery, till the stem was covered for four 
inches, the amount corresponding to the stem of the aortic thermometer. 

The wound was then closed and protected as in the method of Ludwig. 

The temperature was then found to be . 


38°3 37-7 
One hour later 
37°6 37:2 
| EXPERIMENT. 


March 5, 1894. Large Retriever dog. 

Anesthetics. Chloroform and Morphia. 

The dog was very rapidly prepared and kept warm on a hot water tin. 
During the whole ences the blood temperature remained steadily 

at 38°6. 

(1) Temperature in n the aorta 38°6. 

(2) The thermometer was passed into the arcl. of the aorta. 

Temperature in the arch of the aorta 38-6. 
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(3) The thermometer was placed four inches down the central end of the 
carotid and the wound closed, 

Temperature in the central end of the carotid 37-9. | 

(4) The thermometer was pushed down into the tissues round the gland. 

_ Temperature by the submaxillary gland 37-9. 

(5) The thermometer was pushed down into the deep tissues of the neck — 
on the gland side till it lay on a level with the a in the central 
end of the carotid. 

Temperature of the deep tissues of the oak 38: 6. 

(6) The salivary thermometer was placed in the T-cannula ond the blood. 


thermometer in the aorta. Blood =38-6. The salivary thermometer was.” a 


warmed up with warm water to a temperature of 39°. The wound and 
cannula were covered with wool and the thermometer was then found to cool 
-5° in three-quarters of a minute. 

(7) The salivary thermometer was warmed up to 40°, and ‘Sei twenty 
minutes after the animal was anesthetised, 10 m. of a 2 p.c. solution of 
pilocarpin was injected into the pleural cavity. Saliva began almost at once 
to pour out of the cannula in most copious quantities and the thermometer ran 
down at once to 37°9° and finally maintained a steady position at 37°7°. The 
saliva balancing the loss of heat from the T-cannula (‘5° in ? minute) at that 
temperature. | 

From the first of these experiments it can be seen that the saliva 
might prove warmer than the temperature indicated by the thermometer 
in the central end of the carotid. Both experiments show that 
the temperature of the central end of the carotid cannot be 
taken as the true blood temperature. | 

The second experiment shows that the saliva is no 
warmer than the gland and tissues round the duct. In this 
experiment the room was cold, 16° C., and the superficial tissues were 
colder than the aortic blood. 

On the fact that the central end of the carotid does not give the 
true blood temperature depends we believe the discrepancy between 
Ludwig’s observations and the observations we have here recorded. 
There is no circulation of blood round the thermometer, in this position 
the blood simply pulsates against the bottom of the bulb, while the 
stem lies in tissues deprived of circulating blood. 

The same explanation will account for the results of Ludwig and 
Spiess’ experiments with thermo-electric junctions, These authors 
placed their blood junction in a brass cannula(®) of special construction 
used for determining lateral arterial pressure. This was inserted into 
the carotid and the blood circulated through this and round the junction. 
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The wound was then closed and protected and the junctions left for 15 
minutes to take up a constant temperature. From our own very 
numerous experiments on this method we believe that clotting must 
have taken place during this period, and that therefore the true blood 
temperature was never attained and then, owing to the continued free 

circulation on the side of the gland, the saliva would prove to be warmer 
than the carotid junction. For we have determined that the temperature 


im the arch of the aorta is the same as in the abdominal aorta, and that 


the temperature of the gland and tissues in a warm room and protected 


-animal is often almost as high-as that of the aortic blood. 


Finally, in support of our negative results, we can quote Chauveau 
and Kaufmann’s(7) experiments on the blood gases of the parotid in a 
resting and in a chewing horse, and on the amount of glucose which 
disappeared in the gland under these varying conditions. 

Only one gas analysis proved successful, owing to the horse always 
munching on the wrong side of its mouth. This yielded the following 


differences between 100 grms. of venous and 100 grms. of arterial blood. 


Rest. | Activity. 
O absorbed 39 cc. 
CO, produced 2°1 
Total 6 29x 38=8°7. 


The amount in activity was multiplied by three, because the rate of 
blood-flow was found by these authors to be three times faster during 
activity than during rest. 

_ This single experiment. is so inconclusive that no stress can be laid 
upon it. In their experiments on glucose Chauveau and Kaufmann 
found that in 1000 grms. of blood 002 grm. more glucose disappeared - 
in the gland during activity than during rest. 

Taking the heat produced by the complete combustion of 1 grm. 
of glucose as 3277 (Frankland), the combustion of ‘002 grm. glucose 


- would heat the 1000 grm. blood about ‘0016°C. But it must be 


remembered that gland, tissues and saliva would also share in this heat. 

Granting that other bodies were broken down as well as glucose and 
that the heat produced was ten times greater, yet it is obvious that this 
amount of heat spread over blood, gland, saliva and tissues and formed 
during the circulation time of 1000 grm. of blood, would be quite 
an immeasurable quantity. On the other hand, Chauveau and Kauf- 
mann found that the expenditure of glucose was three and a half times 
as great during activity than during rest in muscle. 
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CONCLUSION. 


Considering the nature of the salivary secretion, the smallness of the 
salivary gland, and the amount of blood racing through the gland 
during activity, and the fact that arterialised blood issues from the 
gland veins during activity, it is highly improbable that any measurable 


amount of heat is formed in the gland. And from our experiments 


we conclude that no formation of heat can be directly deter- 
mined in the submaxillary gland by any known method of 
measuring variations in temperatures. 

We have been indebted to Prof. Schafer and to Dr Bradford for 
much helpful criticism in carrying out this research. 

The expenses have been defrayed by a grant from the Royal 
Society Government Grant Fund. 
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ELECTROMOTIVE PHENOMENA IN NON-SECRETORY 

- EPITHELIA. By E. WAYMOUTH REID, Professor of 
Physwology in University College, Dundee, St Andrew's University, 
WB. 


THE possession of daca properties by epithelial membranes 
which are not secretory in function, has not, so far as I am aware, been 
yet demonstrated. 

Hermann’s' results with the skin of the fish are not conclusive, for 
as was known at the time he wrote, though not recognised by him, such 
skins are rich in “ unicellular glands.” 

The skin and the lining membrane of the crop of the bird, both 
covered with stratified epithelium, afford an opportunity for investi- 
gating the point, for in ease of these structures are secretory elements 
to be found. 

‘As regards the structure of thoes. in the case of the 
pigeon, the bird used in my experiments, the following points should be © 
noted : 

In the case of the skin : | 

1. The epidermis presents great variations in individual cases as 
regards the number of surface cells that have undergone keratinisation. 

From 7 to 85 per cent. of the total thickness of the epidermis may 
consist of corneous scales. 


2. The uncornified cells are “ordinary epidermic cells,” and no cells 
of secretory nature can be detected amongst them. 

3. A portion of the feather-erecting musculature is always removed 
adherent to the skin when it is prepared for experiment. 

In the case of the crop membrane : | 

1, The epithelium is a highly active mass of cells, for dividing cells 
are very numerous in the lower layers. 


1 Hermann. Pfiiger’s Archiv, Bd. xxvu. p. 280, 1882. 
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2. There are no mucous cells among the epithelial cells, nor do any © 
glands open upon the surface. . 

3. <A well-developed muscularis mucose is present. 

The experimental circuit employed in the work was such as is usual, 
viz. @ compensating circuit including non-polarisable electrodes with a 
galvanometer of high resistance (Elliott 20,496 B.A. units).' Excitation 
was direct by break induction shock through the leading-off electrodes, 
which were shortcircuited from: the galvanometer till 003 sec. after the 
-stimalus. The membrane was on a cork frame in a gas chamber 
supplied with inlet and outlet tubes. The birds were fresh from a farm, 
and death was etfected by “ wringing the neck.” 


A. A “current of rest” te capable of derivation from an epithelial 
surface devoid of glandular elements. 


The membrane of the crop, when examined shortly after death, 
invariably presents an ingoing current (epithelial surface negative), in 
spite of the opposing injury current of the muscularis mucose on the 
deep surface. 

The EMF, of this ingoing current is considerable, varying in my 
experiments from ‘0088 to ‘0264p. and naturally has a tendency to 
increase with time as the opposing E.M.F. due to injury of the 
muscularis mucose declines. 

In the case of the skin, the “current of rest” is by no means 
invariably ingoing. 

As noted above we have a very variable factor in the skin, in the 
extent to which the epidermic cells are keratinised, so that one finds all 
stages in different individuals between an epidermis some six cells thick 
with one or two layers of corneous scales on the surface, to cases where 
the active epidermic cells form a single layer upon which a thick pad of 
keratin-scales rests. 

I find that the greater ‘the number of active uncornified epidermic 
cells, the greater is the tendency for the current of rest to be ingoing 
and vice versd. If there are but few protoplasmic cells in the epidermis - 
the outgoing current of the muscular layer on the deep surface has the 
upper hand, though as time passes and the muscle injury-current 
falls, the skin current originally read as outgoing, reverses to ingoing. 
following cases illustrate the point. 
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into horny seales. 
20 Outgoing 00048 
93 ,, Ingoing 00156 p 
92 ,; Ingoing ‘00268 
Outgoing ‘00032 p 
25 ,, Outgoing ‘00056 p 


It will be noted that the readings of E.m.F. for the skin are far 
below those given for the crop membrane: this I am inclined to 
attribute to the greater activity of the cells of the crop membrane, 
which appear to be renewed very rapidly by divisions of the lower layer 
cells, the surface cells being cast off in masses and shreds, often found 
loose in the cavity of the viscus'. 


B. Narcotics diminish the eM.¥. of the normal ingoing “current 

| of rest.” 

1. Crop membrane. The narcotics used were the vapour of 
chloroform and carbonic acid gas well washed through solution of sodic 
bicarbonate and water. 

EXPERIMENT I’. 

Crop membrane of pigeon. — ingoing. Record commences 39 

post mortem. 


Time E.M.F. in compensator degrees 
3.31 340 
Chloroform vapour passed into gas chamber 
3.32 3 270 
220 
3.35 280 
3.36 300 
, passed into gas chamber : 
| 3.37 220 
3.38 230 
3.39 250 
3.41 280 


1 No breeding pigeons were used, and consequently the peculiar condition of the crop | 
membrane belonging to the breeding bird was not present in any of the cases cited in 
this paper. 

2 In this and succeeding experiments the z.m.¥. is expressed in compensator degrees of 
which 1 c.p = ‘00008 p, 
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The depressant action of the chloroform vapour must in the above 
case have been upon the epithelial cells of the crop membrane, since 
the diminution of the injury current of the muscularis mucose under 
the action of the chloroform vapour’ would per se lead to an increase of 
the ingoing current. If chloroform vapour is given in a amount a 
currentless condition of the membrane is obtained. 

The action of CO, must also be upon the epithelial cells, for it is 


_ well known that CO, does not affect the injury current of muscle’. 


2. The skin. In the case of the skin the epidermic cells are more 
protected from the vapour or gas by the surface scales than in the case 
of the moist crop, while on the other hand the muscular layer is as 


exposed in the one case as in the other. As a consequence in the skin 


the first effect of the application of chloroform vapour is to increase the 
ingoing current, by diminishing the opposing outgoing current origin- 
ated in the muscular layers. The second effect is a diminution of the 
ingoing current when the vapour has penetrated to the epidermic cells. 
Recovery, it will also be noted i in the experiment below, is slower than 


_ in the crop membrane. 


The following experiment is quoted in illustration. 


EXPERIMENT II. 


mortem. 


ng E.M.F. in compensator degrees 
17 
Chloroform into gaschamber 
3.50 21 
3.51 20 
3.52 16°5 
3.53 11 
Air admitted 
3.54 6 
3.55 7 
3.56 8 
3.59 10 
43 12°5 
Chleryiem vapour again passed into gas chamber 
4. 
4, 
4.5. 17 
4.6 11 
4.6} 8 


1 Waymouth Reid. Phil. Trans. 184, 1893, p. 347. | 
Du Bois Reymond, Untersuchungen, Bd. u. Abth.1. p.187. 
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364 E. W. REID. 
The skin current is also affected by CO, but the action is éxtremely 
slow and there is no preliminary rise of E.M.F. | 


C. Heat increases the normal ingoing current of rest. 


Heat was applied to the surface of the membrane by means of a 
heated spatula. The deep surface was usually chosen in order to make 
the effect the more convincing, for increased injury to the muscle there 
situated would per se tend to produce a fall of the ingoing current, 
while the effect of heating is to increase the normal current. The 
usual precautions against fallacy from thermal electrode-currents were 
of course observed. : 


EXPERIMENT IIT. 
Current ingoing. Record starts 6’ post mortem. 

Time E. M.F. in compensator degrees 
12.1 4:2 

Inner surface heated 
12.3 75 
12.4 8-2 

Inner surface again heated 

12.6 23-0 


It is moreover possible in many cases to convert a “current of rest” 
which is outgoing, to one in the reverse direction, by application of 
heat. 

Thus in one case in a piece of fresh skin a current with E.M.F. of 
85 C.D. outgoing was in 1 minute reversed to one of 43.D. ingoing 
by warming. | 

An increase of the E.M.F. of the ingoing current of the bid 
- membrane also occurs on heating. 


D. Excitation of a non-glandular epithelial membrane developes 
a “current of action.” 


The membrane was stimulated by a break induction shock passed 
through the non-polarisable electrodes, which were short circuited from 
the galvanometer till 003 sec. after excitation. 

1. Crop membrane. The action current derivable from the crop 
membrane may be either ingoing (positive variation) or outgoing 
(negative variation). 
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A high £.M.F. of the current of rest and a strong stimulus favours 
an outgoing action current; a low E.M.F. of rest current and weak 
stimulus favours an ingoing current of action. 

This effect agrees with that given by Biedermann’ for the action 
currents of mucous cells, though a careful search with thionin has 

: convinced me that such cells are absent in the crop epithelium. 
4 The following is quoted in illustration. 


EXPERIMENT 


Crop membrane of pigeon. Current ingoing. Record starts 10’ post 


mortem 
Time E.M.F. in compensator degrees 
3.2 175 
3.5 
Stim. coil 210 | Deflection N 
3.7 186 
Stim. coil 630 | | Deflection N 
3.10 
Stim, coil 1000 | and } Deflection N 
3.16 267 
Stim. coil 210 4 Deflection N 150° 
3.18 275 
Stim. coil 630 4 Deflection S 150° 
3.20 
Stim. coil 210 | : Deflection N 100° 
3.23 285 
Stim. coil 630 | : Deflection 8 200° 
3.26- 290 
Stim. coil 445 | Deflection S 50° 
Stim. coil 360 | | Deflection 8 20° followed “ N 70° 
Bisdermann: Pfliiger’s Archiv, Bd. urv. p. 209, 1893. 
2 In this and following experiments 
N deflection = ingoing action current 


8 deflection = outgoing action current. 
The numbers following the word “‘coil’’ refer to the relative intensities of the induction’ 
shocks. 


1000 = secondary coil completely over primary 
0 = secondary 40 c.ms. distant from primary. 
An arrow thus | placed after the coil number indicates that the direction of the in- 
duction shock was ee 
An arrow thus } indicates the reverse, 
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EXPERIMENT V. 


Crop membrane of pigeon. Current ingoing. Record starts 12’ post 
mortem. 


Time E.M.F. in compensator degrees 
256 
Stim. coil 210 | Deflection N 220° 
2.35 : 256 
Stim. coil 630 | : Deflection 8 20° followed by N 60° 
2.39 260 
Stim. coil 1000 Deflection S 170° 


In all cases the change of £.M.F. induced by excitation lasts for a 


- considerable period, so that there is a marked “ after effect.” 


- By narcotisation with the vapour of chloroform one can exclude the — 
excitatory variation of E.M.F. that normally follows a stimulus, thus 


EXPERIMENT VI. 


Crop membrane of pigeon. Current ingoing. Record starts 22’ post 
mortem. | 

Shortly before, namely 18’ post mortem, a stimulus with coil 210 gave a 
positive variation N 220°, and stimulus with coil 1000 gave S 170°. 


Time E.M.F. in compensator degrees — 
2.43 240 
Chloroform vapour passed into chamber 
2.45 30 
Stim. coil 210 No effect 
2.46 7 
coil No effect 
2.49 65 
2.58 110 


2. Skin. In the case of the skin, excitatory change of reer} is 
also obtainable. 

The rule is that the action current is ingoing, and only in ex- 
ceptional cases, where the microscope shows an inactive epidermis 
— with much muscle at the deep surface, is an outgoing current 


The following experiment is illustrative of the usual results. 
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EXPERIMENT VII. 


_ ‘Skin of pigeon. Record starts 7’ post mortem. “Current of rest” in- 
going. 


Time E.M.F. in compensator degrees 
3.30 24 
Stim. co#l 210 } Deflection N 
3.32 | | 31 
Stim. coil 210 4 2 Deflection N 
3.36 
Stim. coil 630 | and } Deflection N 
3.43 27 
Stim. coil 1000 | and } Deflection N 


In cases where the current of rest is outgoing when the iinet Pi. 


is first set up, I have also obtained an ingoing current of action. 

From the above results it is evident that one must admit that a 
non-secretory epithelial membrane may be electromotive. 

Hermann considered that in the epidermis, along the boundary 
where non-cornified protoplasm is chemically altered to corneous matter 
(Verhornungsgrenze), a demarcation surface is present at which E.M.F. 
with ingoing current is generated. 

According however to the more extended view of the “ Altveation 
Theory” put forward by Hering, it is not so much gross change in 
chemical composition (Zusammensetzung), as change in metabolism 
(chemische Geschehen) that should be held responsible as the source of 
E.M.F. in electromotive tissue. 

My results are certainly in favour of this latter view, for mere 
alteration of protoplasm to keratin seems against rather than in favour 
of the development of an epithelial current, and the E.M.F, of such 
current is capable of variation in accordance with changes in physio- 
logical condition totally unconnected with keratin-metamorphosis. 

“Current of rest” and “current of action” in such cases are only 
expressions for low and high phases of electrical condition connected 
with one and the same set of cell processes, and it is possible that as 
Biedermann has maintained for mucous cells, so here, the balance of 
such processes may upon excitation tend towards either the constructive 
or destructive side of metabolism with asnociated difference in the 
electrical 


March, 1894. 
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NOTE ON ‘THE DEGENERATIONS FOLLOWING 
DOUBLE TRANSVERSE, LONGITUDINAL, AND 
ANTERIOR CORNUAL LESIONS OF THE SPINAL 
CORD. By ALBERT S. GRUNBAUM, BA., Gonville and 


Catus College, Cambridge. (Plate XIV.) 


THE degenerative effects of simple section of the cord are now. fairly 


well known. But there are various other possible injuries to the cord, 
the results of which have not beem investigated. Some of these I 
propose to take into account in the following communication. | 

The double transverse divisions were done on monkeys and the 
longitudinal divisions and anterior cornual lesions on cats, The cord 
was laid bare in the required region and then divided :—transversely by 
blunt-pointed scissors, longitudinally with a Paget: s knife, or the 
anterior cornu injured with a bent needle. 

The chief difficulties are :—(1) to ensure that the second transverse 
division shall be complete. Owing to the retraction of the cord after 
the first division this is by no means easy. (2) In the longitudinal 
division, to find and keep to the middle line and to be sure of dividing ~ 
the anterior commissure. Hzmorrhage rarely presents any difficulty 
unless the venous sinuses oe: the back of the vertebral bodies have 
been wounded. 

Deep horsehair sutures were used for the muscles and the same 
material for the skin sutures. A collodion dressing was then applied. 
The stitches remained in for the whole time the animals were kept 
alive, except in the case of one cat. Either operation can be performed 
in 30—40 minutes from beginning to end. The animals were kept in a 
menagerie at a temperature between 70° F. and 80°F. Shock, as a 
whole, was conspicuous by its absence. _. 

One operation also was done in which, as well as the double division 
of the cord, one of the posterior roots going to the isolated portion was 
cut, centrally to the ganglion, but the histological result was not obviously 
different from that of the others, 
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Notes on Cases. 


Case I. Macacus Rhesus 


Nov. 18th, 1891. Double section of cord. 

llam. Temp. 101°7F. Ip.m. Temp. 94°-4 F. Reflexes 

Nov. 19th. Takes solid food. ‘Legs flushed and hot. 

Nov. 21st. Temp. 101°8F. ‘Tremors of legs. Tendon reflexes absent. 
Legs still warm. 

Nov. 23rd. Tremors gone, Limbs cooler. 

May 16th, 1892. Killed by chloroform. Tendon reflexes had not 
returned. Lesions found to be at level of 12th thoracic and 3rd lumbar 
nerve-roots respectively. 


II. M. Rhesus /. 


Dec, 22nd, 1892. Operation as above. No apparent shock. 

Dec. 25th. Animal quite well. 

Jan. 7th, 1893. Knee-jerk has returned. 

Jan. 18th. Killed by chloroform, Knee-jerks were somewhat exaggerated. 
Lesions between 9th and 10th thoracic and 12th thoracic and 1st lumbar 
nerve-roots. 


Case III. M. Rhesus 9. . 


Sept. 22nd, 1893. Double complete division of cord and of posterior roots 
going to isolated portion on R. side. _No apparent shock. 
Sept. 26th. Knee-jerks present. Reflexes from toes also obtained. 
Oct. 2nd. Monkey found dead in cage. No suppuration anywhere. One 
_ posterior root going to isolated piece on R. side had not been divided. 


The lesion in each case isolated a piece of cord about two segments 
long in the lower thoracic region. In monkey I. the knee-jerk never 
returned: in monkey II. it reappeared after 16 days: in monkey III. 
already in four days which is, I believe, the shortest recorded interval. 


Case IV. Cat. 
May 30th, 1893. Longitudinal division of cord, in lumbar region. 
May 31st. Both knee-jerks present. 
June Ist. Can jump up 4 feet (into cage). 
June 20th. Killed by chloroform. Lesion 3 is between 5th—6th peeve 
nerve-roots. 


CasE Cat. 


July 26th, 1893. Longitudinal division in knee-jerk region. 
Aug. 16th. Killed. Lesion about level of the 6th lumbar nerve-root. 
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In both these cases the knee-jerk was unaffected by the lesion. 
The three cats in which the left anterior cornu in the lumbar 
enlargement was injured were allowed to live about three weeks. 


Methods of hardening and staining. 


The animals being killed by chloroform and bleeding, the remaining 
blood was washed out by injection of warm saline solution. After this, 
warmed diluted Miiller’s fluid or 1°/, potassium bichromate solution 
was injected. The cord was then carefully taken out and kept for one 
day in 1°/, bichromate or diluted Miiller’s solution and changed the 
next day for the full strength Miiller or 2°/, bichromate. Subsequently 
for the Weigert stain the cords were kept in 80°/, alcohol. 

The Weigert and the Marchi method of staining were employed, 
and also an experimental stain of my own. The results to be mentioned 
later are from sections stained by the two former methods only. 

The Weigert method presents the difficulty in the decolourising to 
exactly a standard point, and the method exposes the section to many 
dangers before the cover-glass is laid on it. In examining sections the 
test assumed of a sound fibre, by this method, was the existence of a 
yellow spot indicating the axis-cylinder. For this purpose decolourisa- 
tion by the old method is preferable to that of Pal, in which the 

axis-cylinders are made quite. white. | 

The Marchi method, from its remarkably definite results and 
comparative celerity of application, has met with general favour, but 
apparently is also open to grave objections. 

In those cases where there is any sclerosis this method is apt to be 
misleading, because scar-tissue stains like normal tissue and requires 
careful examination with a high power to distinguish it. Similarly the 
effects of traumatism must be excluded. 

The most remarkable feature in the Marchi method is the amount 
of apparent degeneration which it shows in the normal cord contrasted 
with the fact that Weigert sections never show a degenerated fibre in 
a normal cord. It is true that a “normal” degeneration in peripheral 
nerves has been described by Mayer? and the same thing might be 
argued @ priori for the cord. But the observation has never been 
confirmed ; in the few experiments I have made in the same direction I 
have been unable to confirm it, and it is not the experience of teachers 
of physiology, who see a large number of sections in the course of their 


18. Mayer. Prager Zeitschr. 1881. 
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work, that degenerated nerve-fibres exist in normal nerves. The 
importance of this point will be apparent in connection with the 
anterior cornual lesions. | 

Special experiments showed that neither injection of the animal nor 
slight decomposition of the cord had any noticeable effect on the 
Marchi stain in the normal cord. But Tooth’ has described af 
appearance caused by decomposition simulating degeneration in the 
Weigert method. 

It may be that the fibres in the spinal cord like the peripheral 
nerves, vary to some degree in structure at different points. It has 
previously been observed that sections of peripheral nerves show some 
appearances somewhat similar to degeneration for a section or two in a 
series, but an examination of the whole series shows this appearance to 
be fallacious ; and I can quite confirm this observation. 

For scattered fibres as distinct from a tract degeneration I am 
inclined to prefer a pure osmic acid stain. Osmic acid was long ago 
recommended and used for staining the spinal cord, but not, so far as I 
know, for degeneration’. 

If a piece of cord after being hardened in 2°/, bichromate for 14 
to 21 days be cut in gum, and the sections be washed and then 
placed in 1°/, osmic acid solution for 24 hours, they stain an uniform 
brown or black according to their thickness, When mounted, how- 
ever, the degenerated fibres aré found to be much more deeply 
stained than the normal ones. They can be made plainer by the 
following method :—after dehydration, the sections are placed in cedar- 
wood oil from }—4 hour (or a shorter time if the oil be warmed) and 
the excess of oil well washed out in xylol or naphtha. The cedar-wood 
oil decolourises the normal fibres far more rapidly than the degenerated © 
ones which stand out black, with an indefinite swollen appearance as 
would be expected of a degenerating fibre. The indefiniteness of 
outline, however, makes the appearance very confusing in a tract 
degeneration. Both normal cat’s and normal monkey’s cord show no 
degeneration by this method. Over-decolourisation is not so easy as in 
the Weigert method but does occur by prolonged immersion in 
cedar-wood oil. Palladium chloride instead of osmic acid produces 
nearly the same result. The results are much the same as by the 
Marchi method except that there is not the appearance of precipitate 


1 Tooth. Gulstonian Lectures, 1889. tes. 
2 Flechsig. Leitungsbahnen, etc., 1876; Exner. Sitzb. der Wiener Akad. 1881. 
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so characteristic of the Marchi sections, and the total degeneration 
appears always somewhat less than by that method. 


Degeneration after double section of cord. 
Three monkeys cords (cp. p. 369), in which degeneration had pro- 
- ceeded for six months, for one month and one week respectively, were 
examined. 
In the first monkey’s cord seas was a slight difference between the 
two sides, since the lower division was not quite complete on one side. 

There was a not inappreciable difference in the amount of degenera- 
tion in the three monkeys’ cords. There was no evidence of excessive 
inflammation around the cord resulting from the operation. And I do 
not think the result due in any great degree to an alteration of the 
blood-supply, for an examination of the sections shows that the 
blood-vessels remained patent and contained blood at the end of six 
months. That the vessels running with the posterior roots of isolated 
piece were still functional was shown at the autopsy by the fact that 
the injection of the bichromate solution passed into them. 

Speaking generally it may be said that six months after double 
division, sections show a peripheral band of absolute degeneration; wider 
posteriorly than anteriorly, but not sparing any part of the margin of 
the cord. It extends down, in wedge-shape, into the anterior fissure. 
The extent of this absolute degeneration is shown diagrammatically, in 
Fig. 1. .(“ Absolute” is used for when not more than about 2—3 */, of 
the normal number of fibres remain.) 

Taking the various parts more in detail:—The posterior columns are 
absolutely degenerated except where fresh fibres from posterior roots are 
coming in. Several fibres are apparently still in a degenerating stage, 
but there are very few indeed (six at most) which have the appearance 
of being good. Whether they are so throughout their length cannot be 
considered proved without longitudinal sections. The still degenerating 
fibres have no very definite arrangement, but their existence in this 
stage long after the majority have gone, points to their being of 
. different function to the others. Even so the degeneration appears to 
be far more complete than after simple section of the cord. On 
combining the figures given by Sherrington’ of ascending and de- 
scending dégeneration we see that the absolute degeneration exists 
only about two-thirds of the distance towards the grey matter—close to 


1 Sherrington. This Journal, Vol. xrv. 1898, 
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the substantia gelatinosa it is severe, and in the intervening piece 
considerable, but does not approach absoluteness. Hence I think that 
there are a certain appreciable number of fibres, belonging to the 


posterior columns, of greater length than two segments arising or 


ending in the cord along its length. Where they come from can only 
be a matter of speculation, but in some sections fibres can be traced 
nearly the whole distance from Clarke’s column into the posterior 
column. The fibres of Clarke’s column itself are all degenerated, but 
this is found too after simple section. 3 

In the anterior and lateral ground-bundles there is very little 
degeneration,—this. holds good for the whole length of the isolated 
piece. In the lateral limiting layer there appears to be a slight 
degeneration as we descend from the upper to the lower lesion. In the 
lateral column.there is an indication of the isthmus of good fibres seen 
after simple section, and this is more marked as we ascend from the 
lower to the upper lesion. The possible origin of these fibres is 
discussed below. Otherwise the degenerations are much the same 
throughout the isolated portion. 

Since both the cerebellar and pyramidal tracts are in the posterior 
part of the cord the degeneration here appears much more extensive, 
and the band of absolute degeneration becomes somewhat suddenly less 
rather in front of the central canal and is reduced from about one-third 
to one-fifth of the whole breadth of white matter. 

There is a well-marked triangle of nearly absolute degeneration at 


the angle of the anterior fissure, which would scarcely be expected from 


a combination of ascending and descending degenerations as figured in 
Sherrington’s' paper, although the degeneration along the lips of the 
fissure itself is perhaps rather less than might have been anticipated 
and does not run down quite so far, at any rate in sections near the 
lower lesion. It forms however a well-marked strip extending about 
two-thirds the way down towards the anterior commissure. 

The most marked feature about the degeneration after double 
division is its comparative definiteness. Although there is naturally a 
considerable amount of sclerosis in the parts internal to the peripheral 
band of degeneration, very few still degenerating fibres are found. The 
normal fibres occupy a very large area of the cord, and since this area is 
not appreciably less near the lower lesion than near the upper one, and 
also because the course of posterior root fibres is pretty well known, it 
_ does not appear likely that the large number is due to the fact of two 
This Journal, Vol. xrv. 1893. 
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roots entering the isolated segment in the sense of supplying such fibres, 
although it does not seem improbable that a functional relation. may 
exist, and so the surviving fibres might be less if the isolated portion 
were smaller. | 

If we now turn to sections obtained from Case II, in which the 
monkey lived only one month, the state of things is rather different. 
The general distribution of the degeneration as shown by the Marchi 
stain is much the same, except that some degeneration seems to extend 
right up to the grey matter. On closer examination of the section, and 
particularly of sections stained by the Weigert method, it is seen-that 
a very appreciable number of sound fibres remain in parts where, after 
six months, absolute degeneration is found, viz. right up to the 
periphery. This is seen also in the posterior column, where the sound 
fibres probably number quite one hundred, although I have not had the 
opportunity of actually counting every one. Although irregularly 
distributed they are, I think, most numerous near the median septum, 
and of course near the grey commissure. Naturally I have not 
included any due to a just entering posterior root. 

The same is true of the other parts of the cord. Right up to the 
periphery, sound fibres may be seen. In the third monkey's cord the 
general distribution is the same as in the second, but the total amount 
is considerably less, _ 

In certain areas Sherrington could find no trace of degeneration 
after simple section. These, as might be expected, were chiefly in close 
proximity to the grey matter. ° After double section a few degenerated 
fibres can be found in these positions and even in the islets surrounded 
by grey matter. In sections stained by the Marchi method the 
degeneration in these parts is even what would be called considerable. 

The chief point of interest is that the total number of normal fibres 
remaining seems to be in excess of the number of nerve-cells contained 
in the isolated piece even without deducting anterior cornual cells. 
This would indicate a considerable amount of division in the fibres. 
_ The observation however does not rest’on a numerical basis. 


Turning now to the sections, after longitudinal division of the cord, 
on examining those taken through the lesion, there is evidence of slight 
injury to the parts just surrounding the anterior fissure and in the grey 
matter on either side of the middle line. Of course there is also 
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considerable injury to the posterior columns but none external to the 
posterior roots. (Fig. 2.) The wounding of the posterior columns does 
not affect the result, since they do not contribute fibres to any other 
part of the cord. 

The amount of degeneration naturally varies with the extent of the 
lesion, hence it is not the same in the two cords. A short distance 
above the lesion, there is, besides the degeneration in the posterior — 
columns, a patch of degeneration just external to the posterior roots, a 
rather scattered degeneration in the antero-lateral column about on a 
level with the anterior commissure, some degeneration above the anterior 
fissure, and a few fibres all along the periphery of the cord. (Fig. 3.) 

As we ascend higher the degeneration in the antero-lateral column 
collects together (Fig. 4) and forms a small patch which can be traced 
up into the cervical region, and probably goes the same course as the 
rest of the antero-lateral tract, viz, to the superior vermis of the 
cerebellum’. Naturally these long fibres divided in the anterior 
commissure are not very numerous: so that although a few must have. 
been divided in triple hemisection of the cord, Mott’ found no de- 
generation in the opposite half of the cord. | 

_. The degeneration around the anterior fissure quickly diminishes : 
these fibres are chiefly short commissural fibres. 

The degeneration in the posterior part of the cotebellar tract 
diminishes somewhat as we ascend the cord. It is probably due to 
the injury to grey matter, oe well below the level of Clarke's 
column. 

There appears therefore to be an ascending tract of fibres making 
up the anterior part of the cerebellar tract formed by fibres coming by 
the anterior commissure from the other side of the cord, not taking up 
their position at once but gradually working their way out to the 
periphery. They occupy a region at the periphery which corresponds 
fairly well to that of less complete degeneration in the monkey, after 
double transverse division of the cord. But as these fibres do not at 
once assume their peripheral position they become apparent as a tract 

, Only after ascending a few segments from the lesion. | 


Degeneration after anterior cornual injury. 
It was observed in sections through the longitudinal lesion that there 
were more degenerated fibres passing out in the anterior roots than could 


-1 Auerbach. Anat. Anzeiger, 1890. 
2 Mott, Phil. Trans. Vol. uxxxm1. B. 
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be accounted for by the injury to grey matter, for this was ciaiadibeily 
slight. The probability therefore existed that some fibres crossed over — 
from one anterior or middle cornu to pass out by the opposite anterior 
root. This has long been asserted histologically, although no experi- 
mental proof has been put forward. I therefore attempted a lesion 
involving one anterior cornu only. Naturally the lateral column had to 
be severely injured, but the total damage was limited to the area 
between anterior and posterior roots. As the result, degenerated fibres 
were found, both in sections through the lesion and of the anterior 
root, on the opposite side to the injury ; thus establishing experimentally 
an histological hypothesis. (Fig. 5.) | 

In sections above the lesion, degeneration is found on both sides of 
the cord in the cerebellar and antero-lateral tracts, but a patch just 
external to posterior root only on the side of the lesion. 

The two experiments are therefore complementary to each other, 
showing that the anterior commissure fibres go in part to. the antero- 
lateral column and at the same time derive their origin from the grey 
matter of the opposite side. 

The main conclusions arrived at therefore also confirm Aawhank’ 8 
observations after destruction of the posterior part of one half of the 
cord, as well as the experiments of Ehrlich and Brieger', and Singer 
and Miinzer’ on destruction of the lumbar grey matter by compressing 
the abdominal aorta. 

It would have been more interesting histologically to perform the 
last two lesions on monkeys; and this I hope soon to have an 
opportunity of doing. | 

Finally a point previously observed’ and corroborated by my experi- 
ments, is the very local origin of the anterior root fibres. In sections of 
anterior roots from the isolated portion, the upper root contained a few, 
the lower no degenerated fibres, although cut off from all communication 
above. This is in striking contrast to wide-spread connections of the 
posterior root. 


Summary. 


Double transverse section of the spinal cord at about three seg- 
ments distance, in the lower thoracic region, causes in the isolated piece 


1 Ehrlich u. Brieger. Zeitschr. fiir klin. Med. vu. 1884. 
Singer u. Miinzer. Wiener Sitzung>. m1. Abth. 1887. 
* Sherrington. This Journal, Vol. x1. 1008. 
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a very complete degeneration of the posterior columns, with a sharply — 
defined peripheral band (of varying breadth) in the other columns, well 
illustrating the circumferential distribution of the long tracts. is 

The anterior roots coming off from the lower part of the isolated 
piece show no degeneration, so that their fibres have a very local origin 
connate with the connections of the posterior roots. 

The degeneration in the isolated portion of cord was less at the end 
of one month than at the end of six months, so that apparently — 
ration increases with time. 

After longitudinal division of the cord, besides a tract of degenera- 
tion just external to the posterior roots, there is an ascending degenera- 
tion at the anterior border of the cerebellar tract. 

Injury to the anterior cornu of one side of the cord causes a 
degeneration in the anterior root of the other side, so that some fibres 
of the anterior roots come from the opposite half of the cord. | 

The Marchi stain cannot as yet be accepted as yielding an 
absolutely unmistakable criterion for scattered degenerations. 


For permission to use the Laboratory, as well as for much friendly 
advice and assistance, I am indebted to Dr Sherrington, to whom I 
take this opportunity of acknowledging my thanks. 


Piate XIV. 
Fig. 1. Diagram to show dngpeiiation about middle of isolated portion 


in double transverse division. 

Fig. 2. Diagram to show lesion in longitudinal section (6th lumbar). 
Dotted lines to show direction of degenerating fibres. 

Fig. 3. Diagram to show degeneration at 6th thoracic nerve root after 
longitudinal section at 6th lumbar. 

Fig. 4. Diagram at 6th cervical nerve root after same lesion. 

[Figs. 1—4, Degeneration. anneps | in posterior columns) represented on 
one side only. | 
: Fig. 5. Diagram to show lesion to anterior and lateral cornua. Dotted 

lines indicating degenerating fibres. About 2nd lumbar. 

_. Fig. 6. Diagram to show degeneration in cervical enlargement, after 
lesion in Fig. 5. 
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ON SOME EFFECTS OF THYROIDECTOMY IN ANI- 
MALS. By J. LORRAIN SMITH, MA., MD., John Incas 
Walker Student in Pathology, University of Ca 


(From the Physiological Laboratory, Oxford, and —* 
Laboratory, Cambridge.) 


ApouT the year 1883 Kocher and Reverdin published their well- 
known observations on the effects of thyroidectomy in the human 
subject. Attempts had previously been made by physiologists to 
discover the function of the thyroid gland by means of experiments on 
animals, but these had been practically unsuccessful for a reason which 
has become clear in the course of subsequent research. 

After it had been shown by Horsley that myxoedema, or a 
condition essentially similar to it, follows the ablation of the gland in 
certain species of animals, it became evident that we must recognise two 
different modes in which the effects of the operation may show 
themselves. In the first place, in certain animals, such as cats and dogs, 
we have as a rule a rapid development of the most pronounced 
symptoms indicating extreme irritation of the nervous and muscular 
systems, and this condition is followed by a fatal termination in the 
great majority of instances. On the other hand, in man, in monkeys as 
well as in exceptional cases in the other groups already mentioned, we | 
may have the slowly developing changes which correspond tognyxoedema. 
It is unnecessary here to enter into the contrdversy in re to the | 
effects of the operation on animals such as rabbits. It was till recently 
believed that in the case of rabbits the removal of the thyroid gland 


‘had little or no appreciable effect. Gley', however, has pointed out 


that the reason for this is to be found in the existence of accessory 
thyroids, which are able to take on the function of the ablated gland. 


1 Archives de Physiol. 1892. 
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If however the whole of the thyroid tissue be removed, the development 
of the symptoms follows a course essentially similar to that seen in the 
case of carnivores. It is therefore necessary to suspend judgment in 
regard to this matter until Gley’s conclusions have been confirmed by 
further research. Still there is admittedly a great variety of effect even 
in the same species of animals, and in the following paper are reported 
observations which have been made with a view to the study of this 
question. 

Among observations on the human subject we note a number of 


instances in which the symptoms following the operation differed widely = 


from those which are characteristic of myxoedema. There is a 
considerable number of reports in which it is stated that the operation 
on man was followed by the typical acute symptoms. Mickuliz’ reports 
4, cases in which total extirpation of the gland was followed by tetany, 
and in one of these epileptiform convulsions subsequently developed. 
Von Eiselsberg’ reports 53 cases of Billroth’s in which total extirpa- 
‘ tion had been performed, and in 12 of these tetany was induced by the 
operation. Hoffa* also reports 3 cases, in one of which occurred 
epileptiform convulsions. In some of these cases, as in 8 of those 
mentioned by von Eiselsberg, the development of tetany was ulti- 
mately followed by death. 

In all these cases the ocidialie resulting from the operation to a 
certain extent corresponds to that so generally seen amongst the 
carnivores. It may be worth while to mention further that Kripelin‘ 
describes a case of myxoedema in the human subject in which many of 
the typical features of the disease were absent. The speech and voice 
were normal. The skin was smooth and the sweat glands remained 
active. The characteristic mental dulness was not well developed. 
There were also distinct tremors. A most prominent symptom was an 
extraordinary desire for warmth. This case might be taken to form a 
connection between the two types, though unfortunately for this 
purpose it is apparently the only case of the kind on record. 

From the reports which are given in the present paper, there is 
evidence of the fact that in the same species of animals there are cases 
varying largely in the development of the symptoms. Several of these 
show signs of the most extreme disturbance of physiological balance, 


Centralb, fiir Chir. No. 51, 1884. 
2 Centralb. fiir Chir. No. 26, 1890. 
3 Verhand, des physical. med. Gesell. Wiirzburg, 1888 
4 Neurolog. Centralb. 1890, 
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and survive the operation only a few da show a development 
of the effects which is very chronic, ination for many months. 

The symptoms, in whatever form they develope, are so grave as to 
justify the expectation that an examination of the metabolism during 
the progress of the case would afford evidence of those changes which 
sooner or later result in the complete: breakdown of the animal. It was 
with the purpose of detecting such changes that the present research 
was undertaken. In this paper will be found observations on the 
respiratory exchange. The study of the modifications in nitrogenous 
excretion would be necessary to give materials for an account of the 


_ metabolism as a whole ; but this has not yet been secinies far enough to 
admit of publication. 


The only previous work on the respiratory exchange which I have 
discovered is that of Michaelson’, and of this he gives a very meagre 
description in the shape of a srelissinary note. 

The animals used in the present research were cats. For the 
operation they were anmgsthetised by ether, and in the treatment of 
the wound the strictest antiseptic precautions were observed. After the 
skin had been stitched up, a collodion dressing was applied, and this 
proved to be most efficient. The operation was not a severe one in 
itself, and sometimes on the very evening of the day on which it was 
performed, the cat seemed quite comfortable and purred as Boies when 
it was supplied with food. 

The method of observation which was adopted at first was that of 
taking a record (1) of body temperature, (2) of the amount of carbonic 
acid given off and oxygen absorbed in definite periods of time, and 
(3) of the time of onset and character of the symptoms induced by the 
operation. 

The respiration apparatus used for estimating the carbonic acid i 
oxygen was that described by Dr Haldane in this Journal, vol. XIII, 
page 219, 1892. 

Of the ten animals operated on, six died in the acute stage of the 
cachexia within a week after the operation. The four others survived 
for some time. Of these three had shown moderately pronounced 
symptoms in the period immediately after the operation. In the last, 
the symptoms were scarcely if at all noticeable at any time. 

Animals which show the symptoms in the most acute form are 
spirited and well nourished, and functionally active in a high degree. 
It has been observed by Horsley that old animals do not as a rule 

1 Pfliiger’s Archiv, 1889. 
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suffer in any way from the operation except in the met that senile 
changes are somewhat hastened. 

The results arrived at by the method indicated were however 
strikingly negative, and the difference from the normal metabolism was 
not. sufficiently great to form the basis of a conclusion as to the origin of 
the symptoms observed. The output of carbonic acid and the absorp- 
_ tion of oxygen fell very slightly below the normal, and they remained i in 
a fairly constant ratio to each other. 

The effect of starvation on an animal is to decrease the amount of 
carbonic acid excreted and oxygen absorbed, and to lower the respira- 
tory quotient. Since in these instances the appetite was disturbed, 
becoming after a few days distinctly smaller, a certain amount of — 
starvation must have taken place, and the fall which was here observed 
could probably be explained on this ground. 

The temperature also as a rule showed a slight fall. Various 
investigators have pointed out the fact that in the case of certain of 
the dogs on which the operations had béen performed there was at 
the. acme of muscular twitching a rise of temperature amounting 
sometimes to as high as 4° or 5°C. above normal. In the case of one 
cat only was there observed any distinct rise. In Cat No. IX, after 
_ @ period of extremely marked muscular spasms, the temperature was 
found at 40°6° C. or 2°C. above normal. 

In these animals, therefore, the variations of temperature were 
much less than those which have frequently been seen in dogs. Even 
in dogs, however, the temperature on the whole steadily declines. 

It seemed necessary, accordingly, that some further method for 
testing the functional integrity of the heat-regulating mechanism 
should be brought into use. This was done by observing the reaction 
of the animals to changes in the temperature of the surrounding air. 

It is well known that, within wide limits, a warm-blooded animal 
maintains a uniform and fairly high body temperature in spite of 
variations in that of the surrounding air. Pfliiger and his disciples 
investigated this fact in its connection with metabolism, and found that 
an animal when placed in warm air gives off less carbonic acid than it 
does if the air be cold. 

It is quite evident from this consideration that observations of sole 
temperature by the thermometer are quite inadequate to show the 
actual condition of.the heat-regulating mechanism. It may possibly be 
the case that the functional integrity of this mechanism has been 
S seriously. interfered with, and yet the animal mre continue to maintain 
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itself at, or near, its normal temperature. Such a condition would, 
however, be readily discovered if the mechanism v were tested by means 
of methods for estimating metabolism. 

The rise of carbonic acid excreted when the outside temperature 
falls, is usually regarded by physiologists as an attempt on the part 
of the organism to maintain its body temperature by increased heat 
production. This reaction might therefore be used as the basis of 
a method for investigating the problem as to whether an animal in the 
condition of Cachexia Strumipriva succeeds in maintaining its tem- 
perature in any way different from that seen in the normal. _ 

The subnormal temperature which is characteristic of myxoedema 
is also one of the signs of disturbance constantly present in Cachexia 
Strumipriva. It is known also that temperature changes in small 
animals, such as cats, tend to be defined much more sharply than 
in the larger animals, such as man. In them, therefore, this particular 
symptom is the more easily isolated for the purpose of investigation. 

_ In the present research, the necessary variations in the temperature 
of the air were attained by means of a water jacket round the animal 
chamber. The jacket had its outer wall covered with thick felt to 
minimise radiation. It was made in the form of a cylinder fitting the 
chamber closely, and the ends were left open so that the animal could 
easily be observed. Through this jacket a stream of water was kept 
flowing. In the cold weather of winter the water from the tap was 
sufficient to cause a distinctly cold air in the animal chamber. Thus 
the animal could be kept for any given period in air constantly under 
10°C. To get the high temperatures, the stream from the tap, as 
it passed to the jacket, was led through a spiral surrounded by hot 
water. In this way it was heated before entering the jacket. 

The warmth of the water in the jacket established a correspondingly 
heated atmosphere in the chamber. By making the water around 
the spiral as hot as possible with the means at command, it was a 
simple matter to obtain a constant heating power, and the temperature 
of the stream to the jacket could then be easily varied by increasing or 
diminishing tlte rate of flow. The best results were obtained by having 
a large heating power and a considerable stream through the jacket. 

To make observations of this sort, the method adopted was to take 
a cold air (10°—15°C.) period extending over three hours. Then 
followed a period of hot air (25°—30° C.) for a similar length of time. 
This was followed by a final cold period, in order to observe the return 
to the early conditions. On several occasions the carbonic acid for 
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each half-hour was estimated, for the purpose of showing exactly the _ 
time of the response. 

Two or three points are to be noted in studying the nature of the 
reaction :—(1) The amount of the reaction,—and this is indicated by 
the relative amounts of the carbonic acid given off by the normal and 
the pathological animals in the same variations of. temperature. (2) 
The promptness with which the response takes place. This is most 
easily tested in the passage from hot to cold, as the condition of cold is — 
so much more quickly established than that of heat. (3) The effect of 
_ demands for increased heat production on the normal variations of 
metabolism. In normal animals fed once in 24 hours, there is a daily — 
decline from morning till night. If the animal be quiet, we find for 
example the quantities for half-hour periods falling from 1:4 to 1°1. 
This rule is often broken if the animal, in the time during which it 
is observed, find any occasion to move about. 

It will be seen from the observations which were made on normal 
animals, that the cold at the later part of the time was never sufficient 
to cause such an increase in the carbonic acid as to make what was 
then given off equal to that obtained in the cold period at the 
beginning of the experiment. As a rule, for the period mentioned, 
the carbonic acid never rose at all, but decreased even after the cold 
air was supplied again. The abnormal animal, on the other hand, 
invariably gives results strikingly in contrast with this. In the third 
period of the observation in these cases, we have the carbonic acid 
rising to a quantity which is often even greater than that given off 
in the first period. 

The following may be taken as an example of a typical lance. 
in the normal cat. 


NorMAL Car. No. VII. 


Temp. of  00,for 00, per 
Date  Temp.ofcat ‘Time chamber period 


hour 

28.11.92 38°7° C. 12.21— 5.21 13° C. 12°95 2°59 
5.21— 851 30,, 8-70 2°48 

8.51—11.21 5:34 2°13 


The duration of the third period was increased to find at what time the 
cold air caused an appreciable rise in the output of CO, The following 
observation shows that on the whole the carbonic acid did not increase 
till at least 6 hours had passed, — which the cold air effect was 
observed. 
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Norman Oat. No. VII. 


Temp.of  CO,per CO, per 
Date ‘Temp, of cat Time chamber _period hour 


5.12.92 38:1°0. 11—2 10° 0. 819 373 
9—5 30 ,, 6-43 2-14 

5—8 9-9 574 191 

8—9 2-25. 2-25 

 9—10 180 1:80 

10—11 2-02 2-02 


A similar observation was carried out in the case of a kitten in which 
| the cold was continued for 74 hours, and here, as in the adult cat just 
| referred to, the carbonic acid did not begin to rise distinctly till after 
| 6 hours of cold air. 


Krrren. No. VIII. (normal). 


| Here the rise is unmistakeable. The kitten was used because there 
| must be a greater demand on its heat-regulating mechanism than there 
| would be on that of an adult cat in similar ‘conditions, since in the 
kitten, the ratio of surface to bulk is much higher than in the adult. 
This kitten was six months old and weighed one kilogramme. A cat 
which is losing weight gradually approaches the physical condition of the 
kitten. It seemed, therefore, that from the kitten the best standard for 
comparison would be obtained. For a kitten such as this, however, the 
nine hours’ period arranged in the way described is too short for - 
purpose of bringing out the characteristic reaction. . 


Temp. of Temp. of co C 
21.12.92 39°C. llam—12°  10°0. 187 
| | 10 ,, 1:41 1-41 
1—2 10 ,, 1:66 1-66 
| 22.30  10—20°0 17 1:54 
2.30—3 20—27, ,, 70 1-40 
3—3,.30 98° 63 1-26 
3.30 —4 30 ,, 64. 128 
| 67 1:34 
| 4.30—5 60 1-20 
| 65.60 64 1-28 
| 5.30—6 52 1-04 
| 6—6.30 11° 0 62 1-24 
| 6.30-—7 10 ,, 59 1:18 
16, 478 1:36 
q 10.30—11 10 ,, 64 1-28 
| 11.30—12 10 ,, 70 1:40 
12—12.30 10,, 78 1-56 
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With these observations we ran compare those which were made on 
cachectic animals. 

A cat which had never been very ill, but which was gradually losing 
ground, gave the copa results, three months after the operation. 


CO, per CO, per 
Date ‘Temp. of cat Time Temp. of air period 


3.11.92 39°1° C. 11.36—2.36 C. 7°44 2°48 

2.26—5.36 29°0,, 6°70 2°23 

15 , 809 269 
“This result shows two things. The return to increased heat 
production is more prompt than that seen in the normal animal. And 
here also the amount of carbonic acid produced at the end of the day in 
response to the cold is greater than that obtained in the earlier part of 
the day. This constitutes a characteristic reaction in all forms of the 
cachexia. If at the time at which the observation is made, the animal 
shows none of the acute symptoms, its reaction differs much less from 
that of the normal animal than that which is obtained during one of the 
outbreaks of acute symptoms. This is shown by the following observa- 

tion. 
Cat. No. VI. Thyroid removed, 5.8.92. 
CO, per CO, per 


Date Temp. of cat Time Temp. of air period hour 
10.11.92 38°4° C. 2.26— 5.26 14:5° C, 6°58 2°19 
5.26— 8.26 33 ,, 4°10 1:03 
8.26—11.26 13°5 ,, 7°49 2°49 


In this result we have the most marked variation from the normal 


which has so far been obtained. At the time of the observation the | 


weather was cold, and the cat was suffering from very marked 
symptoms. In January of 1893, these symptoms had almost all 
disappeared, and apart from a little sluggishness of movement, scarcely 
anything could be seen to distinguish it from a normal cat.: “The 
observation taken then was as follows: 


00 Co 
Date Temp. of cat Time Temp. of air 
26.1.93 38°3° C. 11.52—12.62 15° C. 2°58 2°58 
12.52— 2.52 4°75 2°37 
2232 «419%, 33°C. 1°23 2°46 
3.22-- 3.52  25—27°O. 1:19 
4.22 27—29 ,, 102 2-04 
4,99-— 5.22 29° 2°44 2-44 
5.22— 5.52 29 ,, 1:17 2:34 
5.52— 6.22 29—I17°C. 1-29 2°58 
6.29— 7.29 12° ©. 238 2:38: 
7.22— 9.22 11 ,, 2-40 
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Here the reaction is prompt, and thereby differs in character from 


that obtained in the case of a normal animal ; but the cat resembles the 


normal much more closely than it did during the time when it 
suffered from severe symptoms. 

An observation of some interest in this sonnection was made in the 
case of cat No. II. It had never been very much disturbed even in the » 
acute stage, though the tremors were quite distinct. It had, at the 
time when the following observation was made, lost 25°/, of its body 
weight, and when the cold weather set in, it became very ill. The 
general failure which had been in progress since the operation, was now 
accompanied by loss of power to move about, or to take food. It 
seemed probable that an examination of the reaction at this svage 


might show that the power of heat regulation was gradually being lost. 
The body temperature was too low to be registered by a thermometer — 


reading as low as 35°C. The CO, excretion had fallen in a few days 
from 1°75 grms. per hour to ‘4 grms. per hour. It died on the day 
following the observation to which I am referring. Here, if anywhere, 
the loss of power to regulate heat might be expected to show itself. 


Car. No. IL. Operation 30.6.92 


CO, in grms, 
Date Temp. of cat Time ~. Temp. of air per period — 
21.10.92 q 3.20— 6.20 1°20 
: 6.20— 9.20 28 ,, ‘99 
9,20—11.20 1:01 


This shows that even when the animal was reduced to extremities 
the heat-regulating function was still dominating the metabolism, and 
that, in spite of the decline which presumably must have been then in 
progress, considering that the animal was so nearly approaching its 
death. The cat was very passive during this observation, and there 
was throughout no modification of surface affecting heat loss. 

The conclusion to be drawn from this series of observations is that 


‘heat loss seems to be exaggerated in these animals. 


Reference to this however may be delayed till the sachin of the 
paper. 
: Another method of investigation used in the case of one ae may 
be mentioned, 

It is known that when an animal is fed on carbohydrate food chiefly, 
the respiratory quotient, or the ratio of the oxygen absorbed to the 
oxygen excreted in the form of carbonic acid, approaches unity. When, 
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on the other hand, proteid food is taken, the ratio falls. If the 
metabolism be affected qualitatively, one would expect that this change 
_ would not be observed. In the case of the fourth cat there was 
obtained at once the physiological reaction due to the change of food. 

Cat fed on flesh (proteids). Quotient ‘80— “75. 

carbohydrates 85—1°0. 
flesh ‘82— 4 

A problem which is closely connected with this is the effect of 
certain elements in the food on animals in the cachectic condition. It 
was pointed out by Breisacher’ that when dogs, from which the 
thyroid gland had been removed, were fed on unboiled meat or 
_. bouillon the symptoms of the cachexia were developed in a markedly 
acute form. On the other hand, these symptoms ‘were allayed by 
substituting for this kind of food boiled flesh or milk. The conclusion 
drawn from this is that the extractives of flesh have, by their influence 
on the animal’s metabolism, the power of inducing or increasing the 
severity of the acute symptoms of the cachexia. The precise effect, 
however, is not further defined by Breisacher’s experiments. 

The above experiments on the variation of the respiratory quotient 
by means of diet seemed to indicate that possibly there was no great 
qualitative difference between the cachectic and the normal metabolism, 
and it remained further to test in chronic cases the effect of the 
variations in food which have just been described. It was found that 
Liebig’s Extract of Meat, which consists largely of extractives of beef, 
could be given in considerable quantity without apparent disturbance. 
Boiled and unboiled flesh seemed equally to be without any effect which 
could be appreciated by observation of the animal’s symptoms, or by an 
estimation of their respiratory metabolism. For example, animals IV. 
and VI. have in the chronic condition been fed for weeks on raw meat, 
consisting of lungs or liver of bullocks, varied sometimes by a diet of 
rabbits’ flesh. Occasionally when the supply was unavoidably very 
large, the flesh was boiled for the purpose of preserving it longer; yet 
none of these changes of food had the least visible effect on the animal. 
Once or twice the effect of a meal of the flesh of a cat which had died 
in the acute stage of the cachexia was tried. This was supplied to 
those which had survived and were now in the chronic condition. It 
seemed probable that, if the symptoms and death were due to an 
accumulation of some waste product in the tissues of the animal, a diet 
of its flesh would be even more potent in giving rise to —* than 

1 Archiv fiir Anat. und Physiol. 1890. 
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the raw flesh of normal animals such as bullocks. This diet the cats 
consumed in large quantity and apparently without experiencing any 
unusual effect. I have so far not carried out similar experiments in the 


cases of cats suffering from acute symptoms. 


General Method. The method adopted was to supply air in excess 
of what the animal required, about 600 litres per hour. The time 
during which the current was stopped for weighing occupied a few 
minutes only. The cats at first showed alarm if the current were 
stopped for even a very short time, but after one or two experiences of 
this they became perfectly placid and remained quiet for periods amply 


_ sufficient to allow of all necessary manipulation. In studying the heat 


regulation only the CO, was estimated. For strictly comparable results 
the estimation should be made at corresponding times on successive 


_, days, and the ites should be fed regularly once a day. 


Cat No. I. 


This animal was full grown, and weighed about 24 kilos. It was 
well nourished, and moderately active in its movements. 

Observations of the gaseous exchange were made before the 
operation. 

June 20th. Operation. | 

June 21st. The day after the operation no “great change was 
noticed. It did not seem to suffer any discomfort, and when put into 
the respiration chamber it went to sleep. At the end of the day it had 
slight difficulty in breathing. It was thought that this might be due 
to a lesion in the air passages caused by inflammation spreading from 
the wound, but no local change of this sort could be discovered on 


post-mortem examination. It took its food readily at night when it 


was removed from the respiration chamber. 

Jume 22nd. The difficulty in breathing still persisted, and the rate 
of respiration was 26. This condition however did not cause much 
apparent disturbance. 

June 23rd. When sitting quietly, the cat wala still to be in its 
normal condition, but when it was lifted from the floor the handling 
caused distinct tremors which occurred chiefly in the fore-limbs and 
fore-part of its body. The hinder part of the body was also affected, 
but to a less degree. The tremors stopped, however, when the cat was 
allowed to sit down again. There was still difficulty in breathing. 

June 24th. No further change was observed during the day. 
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June 25th. The tremors now occurred without any mechanical 
stimulation. They however occurred only at intervals. Occasionally 
there were clonic spasms, and several times these developed into a 
general convulsive seizure. Such attacks lasted for about half a minute. 
Voluntary movements now became complicated by the involuntary 
twitchings. ,The gait in walking suggested the appearance of walking 
on tiptoe. The cat would, however, walk about the room, and rub 
itself against the corners of the objects there, with apparent pleasure. 
It had still a fairly good appetite, but it vomited its food soon after it 
had taken it, 

June 26th. .The convulsive attacks were much more frequent, and 
in the forenoon the cat died. 

In this record we note that there is a regular — in the 
development of the symptoms. 


| Temp.of 

Date Temp.ofcat § chamber Time CO, O Quotient 

8.6.92 39°3°C. 22° 150—3.50 494 4-09 ‘88 
7.50—9.50 457 390 ‘84. 

10.6.92 22° C. 6:29 4°65 "82 

Experiment of thyroidectomy. June 20. . 

21.6.92  39:3°C. C. 12.21— 2.21 466 403 

| 2.21— 4.21 5-73 5-13 “80 

18-0° C 4.21— 6.21 6-04 5°50 79 

18°3 ,, 6.21— 8.21 5.20 4:99 ‘75 

188 ,, 8.21—10.21 4°79 4°40 ‘79 

38°6° C, 18°5 ,, 10.21—12.21 484 4°65 ‘75 

22.6.92 11 456 425 ‘77 
19°5 ,, 1—3 4°12 3°97 73 

4:24 417 ‘74 

19°3 ,, 5—7 3°91 364 ‘78 

39°5 ,, 433 412 -76 

23.6.92 393 ,, 160 ,, 11.30—1.30 444 435 ‘74 

18-0 ,, 1.30— 3.30 506 480 
| 395 ,, 3.30— 5.30 363 348 ‘77. 

24.6.92 39-1 ,, 10.30—12.30 4:27 3-81 81 

25.6.92 384, 190, 10.99 229 390 388 73 

| 180,, 10,30—1230 456 385 

26.6.92 greg 10.10—11.50 326 285 83 


_ This table of observations calls for one or two remarks in relation to 
the record of the case. 

! In the first place, the temperature falls slightly i in the last 3 days. 

On the 26th, it was very low, but on previous days the fall was not 


great. 
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Further, the gaseous exchange remained fairly uniform. ‘The 
respiratory quotient fell somewhat till the last three days, during which 
it was more irregular. The observations of the last two days are of 
interest in relation to heat regulation. On these and particularly on 
the latter, the body temperature was subnormal, and yet the carbonic 
acid excreted was not less than that which had been given off during ~ 
the earlier days when the temperature was normal. This suggested —~ 
that the animal was unable to take advantage of the heat production 
of which it was then capable. Otherwise the observations are of 
interest chiefly from the fact of their uniformity. If there were 
changes such as one would expect in a condition so acute as this, they 
were masked in some way. aa. 

The observations on the soleil which follow were made in the 
first place so as to test the accuracy of what had been already observed. 

_ The effect of the experiment on the weight of the cat is of interest 
here, as it gives another point of illustration to the question. When © 
the cat arrived at the laboratory, it weighed 2383 grms. A period 
of ten days elapsed before the operation was done, and during that time 
it was regularly fed. It consequently gained in weight so that at the 
time when the operation began it weighed 2659 grms. On the day of 
its death, it weighed 2502 grms. It lost in weight only about 160 grms. | 
before it died, and this was less in amount than that which it had 
gained previously. 

Post-Mortem examination. Rigor mortis set in over the whole body 
in half-an-hour after death. The wound had healed by first intention. 
The external jugular veins were engorged. Slight adhesions between 
superficial and deep layer of muscles in the neck had formed. Small 
white solid nodules were seen on pleural surface of lungs. The trachea 
and larynx were normal. The blood in right heart was fluid. There 
was no trace of hamorrhage on the serous surfaces. The liver, 
kidneys and spleen were normal, The bladder was much aeons. 
The brain and cord were normal. _ 


Cat. No. II. 


This cat was a female, full grown, weighing about 3 kilos. It was 
fairly active, and before the operation it had a sleek fur which it tended 
with great care. The operation was performed on June 30th. While 
the effects of the ether were passing off the animal had severe rigors, 
and its temperature was at the time so low that it was not indicated by 
an ordinary clinical thermometer. 
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July 1st. There was noticed to-day a single attack of twitching. 
This was not seen again even when the animal was handled. 

July nd. Distinct tremors were now visible. These were not 

continuous but occurred as occasional attacks. If the cat were held 
_ with the hands, fine tremors in the muscles of the fore-part of the body 
could be felt during the intervals between the attacks of more 
pronounced twitchings. 

July 3rd. The tremors continued to-day in a pronounced form. 

July 4th. Tremors are now practically continuous. They became 
more or less convulsive when the atmosphere of the respiration chamber 
was cooled to 17° C. 

July 5th. Cat has become very dull and er The tremors 
continue, but there are no convulsions. | 

July 7th. The tremors continue but do not dite into larger 
spasms. The cat has now a very small appetite. It has suffered from 
vomiting to-day. 

July 13th. The twitchings continue in a distinct form. 

July 17th. Tremors are now practically absent, and the appetite is 
improving. 

July 21st. Tremors again seen. Certain voluntary movements, 
such as shaking of the head and of the fore-feet are much exaggerated. 

July 28th. Cat sleeps in a natural way after its food. It has a 

good appetite. It can run and leap well, and if left to itself goes 
sniffing about the room in the customary manner. 
_ Sept. 4th. The cat has been fairly normal in its habits till the last 
3 weeks. It is again losing its appetite. Its gait in walking is much 
modified as if by an attack of rheumatoid arthritis. It holds its back: 
rigidly, and its legs move very stiffly. It seems to be very dull and 
disinclined to move about the room. Its fur which was formerly 
_ exceedingly smooth and sleek is now ragged and shaggy. To-day there 
was seen an epileptiform attack, the muscular twitching of which began 
in the region of the jaw, and then passed over the whole body. 

Sept. 8th. The cat has recovered again. No more fits have been 
observed and it now takes its food more readily. The awkward gait, 
and the disturbance of the fur continue without modification. | 
 Qct. 10th. The cat is now in a very degenerate condition. In spite 
of its good appetite, it is losing weight. When the observations began 
at the end of June, it weighed 3137 grms. It now weighs 2481 grms., 
It has therefore lost 646 grms. or somewhere about 20°/, of its body 
weight. 
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Oct. 19th. Cat is still losing ground. It now weighs 2098 grms. 
so that it has now lost about 30°/, of its normal weight. Its temperature 
in the morning was lower than could be registered by a thermometer — 
reading as low as 36°C. In the evening it had risen to 36°6° C. 

Oct. 21st. The cat was found dead in the morning. A Post- 
Mortem examination was made. The tissues as a whole were dry and — 
anaemic. The striped muscles of the back were much degenerated, and 
had a yellow appearance. There was no local lesion of any sort to the 
action of which the occurrence of death could be ascribed. : 

The intestines were thin. The spleen was atrophied. There was 
no interstitial change in the kidney. The brain and cord were normal 
in their external appearances. A good many of the tissues were kept 
for histological examination. 

In regard to this report we would note the fact that the carbonic — 
acid output, though it was irregular, did not vary very markedly till 
near the death of the animal, when the temperature of the body was 
fully as low as 36°6°C. The animal wasted away in spite of an 
appetite which was almost uniformly a good one. 

We have on September 4th an outbreak of acute symptoms, after 
those which were seen at first had completely subsided. Not only so, 
but the symptoms at this stage were more developed in type than any 
observed in the earlier period. We should note further that the final 
break-down of the cat was probably hastened by the onset of cold 
weather which set in at the time of its death. 

In the table which follows only a few of the observations are ‘given, 
Similar observations were made on the 5th, 11th, 12th and 13th of | 
July and again on the 10th, 19th, and 21st of October. 


Temp. of co, 0 : 

Date Temp.of cat § chamber Time ingrms. in grms. Quotient 
29.6.92 38°9° C. 2.18—4.18 6°26 6°21 ‘73 
178 ,, 4,18—6.18 5-09 4°93 ‘17 
6.18—8.18 6-01 6-07 72 

30,6.92 Operation at 12 o'clock. 

39°1° C. C. 8—10 p.m. 5-03 4°86 71 
1.7.92 38°5 ,, 18°5 ,, 10.18—12.18 6:21 5°21 86 
2.7.92 38°7 ,, 20 ,, 9.57—11.57 3°99 4°14 ‘70 
3.7.92 ,, 22°4 ,, 12.26— 2.26 3-42 3°37 ‘73 
7 10.46—12.46 3:04 3°06 72 
4.7.92 38°6° 23:0 ,, 11.50— 1.50 2°96 2°99 ‘72 
17°0 ,, 8.30—10.30 3°62 3°46 ‘73 


5 

=4 
f 
aa 

4 

» 

\ 

fa 

at 

4 


EFFECTS OF THYROIDECTOMY. 393 
Cat. No. III. 


This cat was a very vigorous animal and showed extremely 
pronounced symptoms as the result of the operation. 

It is unnecessary to give an elaborate account of the symptoms 
as they were essentially similar to those seen in the case of Cat I. 
A few points of interest ‘are however worthy of remark. The first 
symptoms appeared in less than 24 hours after the operation. In a 
short time the condition became extremely acute and indicated a state 
of disturbance much more marked than that seen in the two cases 

The temperature falls steadily throughout. It was observed before, 
after and during the attacks of muscular spasm, but in no case was 
there obtained any evidence of a rise. In this animal one very distinct 
symptom was excessive salivation which occurred during the outbreak 
of the convulsions. 

Here the chief points of interest are the gradual fall of — 
and the uniformity in the output of carbonic acid. 

Post-Mortem examination. The wound had healed by first 
intention. No trace of thyroid tissue could be discovered. The larynx 
and trachea were normal. The superior laryngeal nerve was intact on 
both sides. The lungs were emphysematous. seme was an abundant 
supply of fat in the subcutaneous tissue. 


Date ‘Temp. of cat Time 00, in. 00; per 
18.7.92 388°C. 11.45—3.45 10°76 2-69 
| 4.15—5.15 2-99 2°99 
5.45—6.45 2-26 2-26 
20.7.92° 38-4, 


Operation 
38°5 ,, 10.23—11.53 4:28 2°86 
21.7.92 38°2 ,, 11.48— 2,48 8°56 2°85 
2.48— 5.48 8°32 2°77 


Similar observations were inkon on: the. 88nd, 23rd and 24th. On the 
24th the temperature had fallen to 37°C. and the output of carbonic acid 
was 2°4—2°5 grms. per hour. 


Cat. No. IV. 


This cat was a contrast to Cat II]. in every way. It was a lanky 
ill-nourished cat possessing an imperturbable temper. It submitted to 
observation in perfect good will, and disturbed itself for nothing but to 
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display the state of its appetite, which was invariably quite sound. 
After the operation there were almost no symptoms, but a general 
failure of nutrition set slowly in, and this was practically the only 
evidence that the balance of the organism had been interfered with. 
It had ‘also a little hoarseness and difficulty in breathing. The first 
effect of the operation was to cause a great increase in the cat's 
appetite. This has sometimes been observed by other investigators. 
No distinct tremors could be made out. Its gait was rather curious 
when it walked about. It would lift up its paws from the ground 
continually and shake them as cats do when they are shaking off water. 
It also shook its head with considerable frequency, and in a way which 
has been often observed in these animals after operations. Throughout | 
it suffered occasionally but not very frequently from vomiting. It 
failed markedly in body weight in spite of the continuance of its good 
appetite. In October, it weighed 3329 grms. In December, 3103 grms., 
and at the end of _— 2570 grms. At the end of April it weighed 
2277 grms. 

Three months after the operation (November 3rd) the heat- 
regulating system was tested in the manner I have described. There 
were no acute symptoms to be observed at the time. The result 
showed that heat production was in this animal under conditions very 
different from those seen in the normal animal. The response to 
demands for increased heat production was here much more prompt. 
The relation to each other of the quantities of carbonic acid obtained, 
however, showed that this animal differed less from the normal than 
others which suffered more acutely. At the end of December the 
experiment was repeated and a careful analysis of the results was made, 
in regard to time, by taking the observations at frequent intervals. 

Various experiments were made to test the effects of foods. Liebig’s 
Extract of Meat was given, by soaking the bread supplied in a strong 
soup. After taking this the cat seemed a little more restless than 
usual, but otherwise showed no symptoms. Extractives of Meat have 
little if any effect that can be seen in osteruat syoperns 3 in the progress 
of a chronic case. — 
~ The cat had apparently a weak digestion since undigested masses of 
food were occasionally observed in the fzeces. 

There was no further change noted beyond the gradual failure of 
nutrition. 

On the 19th of April its temperature had risen to 396°C. This 
was puzzling, as there was no apparent reason why this rise should have 
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taken place. Next day it was found ‘dead, and a careful post-mortem 
examination was made. 

The skin was thin and wasted. There was exceedingly little subcu- 
taneous tissue. Here and there only was found a small strand of fatty 
tissue. The whole of the tissues were abnormally dry and pale, as if 
lymph and blood were very deficient. The neck was carefully examined 
for remains of the thyroid or accessory glands. There was not the 
slightest trace of anything of this nature. The whole of the tissue of 
the neck was dry and white, and nothing would have been easier than 
to detect the least trace of thyroid tissue. The muscles were very pale 
in colour. A few of the lymphatic glands of the neck were enlarged. 
One very much enlarged was situated about the upper level of the 
thyroid cartilage on the right-hand side. The sympathetic ganglia in 
the neck seemed normal. There was no enlargement of the carotid 
ganglia. The organs of the abdomen were next examined. They also 
were dry and anaemic. The wall of the intestine was thin and wasted 
and very white. The liver was of normal size, dark in colour, with 
traces of fatty degeneration. The spleen was atrophied. It showed no 
waxy degeneration by the iodine test. The pancreas was exceedingly 
white in colour but of normal size. The kidney was extremely white. 
The cortex was very friable and showed great anaemia and fatty 
degeneration. The suprarenal capsules were fairly large. They had 
the same pallor as the kidneys. The mesenteric glands were enlarged, 
and had a grey gelatinous appearance. When the chest was opened, it 
was found that both pleural cavities contained an enormous quantity of 
purulent fluid. There were fibrinous deposits from serous inflammation 
on the diaphragmatic and mediastinal pleurs, but none on the surface 
of the lung, The lungs were greyish in appearance and much compressed 
by the surrounding fluid. They were not at all consolidated. There 
was a certain amount of oedema but the whole tissue was crepitant. 
The first suggestion was that the cat had died of pleurisy and empyema 
of a tubercular form, and a diligent search was made for tubercle bacilli. 
The tissue was swarming with micrococci of various sorts, and a few 
scattered bacilli of the large rounded type often found in sputum were 
observed, but no tubercle bacilli were seen. There was no hypertrophy 
of the pituitary body. The cord was covered with a _— by jn of 

greyish fat.. No abnormalities were seen in it. 
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T of for hour 
Date Temp. of cnt Time 
25.7.92 38° C. . 19-35 9-00 3:00 
8°47 2°82 
7°45 248 
 27.7.92 _ Operation at 4 o'clock in the afternoon. 
28.7.92 39-2°C. 2°65 62°65 
12—1 2°31 2°31 
1—32 2°41 2°41 
29.7.92 39-7° 1°53 3:06 
11.55—12.25 1-49 2°98 
12.25—12.55 1°50 3-00 
12.55— 1.25 1-60 3-20 
30.7.92 39-1° C. 6.17—10.47 7°94 2-27 
31.7.92 39:1 ,, 12.27— 4.27 10°64 2°66 
4.97— 7.27 718 2°39 


Similar observations were made on the Ist, 2nd and 3rd of August, and 
on the 11th, 12th, 29th and 31st of October, and on the 2nd of December. 


Himperiment on the reaction and change in temperature of 


surrounding air. 
Temp. of water CO, for CO,per 

. of Temp. of in jacket. period hour 
3.11.92 39°1°C. 14°5° CO. 9°5° C. 11.36—2.36 7°44 2°48 
(2.36—5.36 6°70 2°23 

163 ,, 20°5 ,, 2.55 

6, 3.15 

25°5 ,, 29°5 ,, 3°55 

,, 4°55 

28°5 ,, 5:30 

5.36—8.36 8-09 2°69 


An observation giving exactly the same result was made on the 8th of 
December. 


Cat. No. 


This animal was a large male which objected very strongly to be 
handled. 

Observations of the output of carbonic acid were made during the 
day before the operation. When first. put into the chamber, the cat 
was very restless and kept attempting to make its way out. This fact 
accounts for the unusually large amount of carbonic acid given off 
during the first hour. 

The operation was carried out on the 30th of July. 
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duly 31st. In the morning tremors were detected. Unfortunately 
the exact number of hours after the operation has not been noted, but 
it was somewhere about twenty. In the afternoon the tremors were 
greatly increased and now affected even the hind limbs. They were 
continuous and occasionally there were attacks which threw the whole 
body into spasm. These twitchings came on, particularly when the 
animal attempted to move or when it was handled. . During such an 
attack the cat had a staggering gait when it walked. When the attack. 
had passed off the cat could walk about naturally. It was in this case 
the hind-limbs which were chiefly affected. This cat has not had 
spasm of the jaw muscles, nor bas it shaken its head in the manner in 
which nearly all the others have done. It has no excessive salivation. 
When placed in the respiration chamber the fits were diminished: an — 
effect probably due to the warmer air. When taken from the chamber 
again, it was not so much affected as when it was put in. It walked in 
an awkward way. It did not seem to suffer much in this condition and 
purred when it was put into its cage for the night. 

August 1st. Fits are less severe than they were yesterday. Some- 
times they seem localised to one side of the body. . The cat can walk 
more steadily than yesterday. It feels cold to the touch and to-day it 
suffered from vomiting. The tremors are now seen chiefly in the 
anterior limbs, but do not affect the head and neck muscles. 

It has become sluggish. There is no difficulty in breathing. 

August 2nd. Cat has improved since yesterday. It can walk about 
easily and sits in a comfortable attitude. There is no difficulty in 
breathing. It has become exceedingly slow and stupid. 

August 3rd. Spasms are occurring again. There for 
food, but considerable thirst. 

August 5th. Fits are again very pronounced, Cat had a curious 
attack of backward movements. The temperature has now fallen too 
low to be registered by the ordinary clinical thermometer. | 

August 6th. Temperature so low that the mercury rose from the 
bulb of the thermometer wan a short distance. Cat died in the 
afternoon. 

The post-mortem examination was made an hour after death. 

The wound was found to be healed by first intention. There was 
no trace of accessory thyroids. The subcutaneous tissues were well 
supplied with fat and were of a normal colour. The blood was not 
clotted in either of the ventricles of the heart. The lungs showed 
: 
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collapsed. There was no sign of pneumonia, The trachea and bronchi 
were free from inflammation. The mesentery was well supplied with 


fatty tissue. The liver was congested but otherwise normal. The 


kidneys were . apparently normal. There was no —— of brain or 
cord. | 
In regard to the report of this case we note sh typical development 
of the symptoms. The partial abatement is interesting, as the cases 
which survive for long periods after the operation show occasionally 
outbreaks of symptoms and subsequent abatement. 

The gradual fall in temperature and the uniformity of the output of 


carbonic acid are again to be noted. 
: CO, for period CO hour 
Temp. of cat * in grms, pes 
29,7,92 C. 4.30—5 3°62 
5—5.30. 151 3:02 
5.30—6 165 3°30 
30.7.92 38 ‘5° C. Operation 
31.7.82 39:1 ,, 7.50— 9.50 8-04 4°02 
9.50—10.20 188 3°76 
10.20—10,50 - 1-81 3°62 
 1,8.92 37°4 ,, 3.20— 5.20 529 264 
5.20— 6.20 2°61 2°61 
6.20— 8.20 606 3°03 
2.8.92 36°8 ,, 3—6 8:09 2°69. 
‘ 6—8 4°30 
3.8.92 37°1 ,, 9.25—1.25 1092 2°73 | 
4.8.32 12—4 9°55 2:39 - 
5.8.92 (0) 11.43—1.43 5°51 2°75 
4°93 2°46 
5—8 6-80 2°26 
8—10 456 #228 
6.8.92 12—1 2°71 2°71 
2—3 2°77 2°77 
Cat. No. VI. 


The interest in this case consists in the fact that the cat survived — 
for a prolonged period in spite of its having had somewhat acute — 
symptoms immediately after the operation, and once or twice during 
the months which followed. There is however nothing new in the 
symptoms. It differs from the most acute cases (I. III. and V.), two of 
which I have fully described, and resembles the other cases which had 
less pronounced symptoms (II. and IV.). The operation was done on 
the 5th of August. This animal showed tremors which occasionally 
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- were interrupted by clonic spasms. It had also excessive salivation, 
but no dyspnoea. 

On August 13th the tremors had almost entirely disappeared. In 
November there was an outbreak of acute symptoms, and during this 
attack the disturbance was greater than that seen in the period im- 
mediately subsequent to the operation. 

The chief matter of interest is the fact that the animal lived for 
eleven months after the operation. There were no acute symptoms 
visible at the time of its death. 

At the post-mortem examination no trace of thyroid tissue was 
found. The tissues were dry as if lacking in lymph and blood. There 
was a plentiful layer of subcutaneous fat which had a greyish appear- 
ance, The organs were pale in colour. The liver was very pale and 
fatty-looking. The pancreas showed several nodules resembling those 
of tubercle. The kidneys were very pale and when sectioned were 
found to have a very brittle cortex. The stomach was well filled with 
food, The brain and cord showed no abnormal appearance. 

Observations on the output of carbonic acid as a measure of the 
effect of changing the air temperature were made several times. In 
regard to these it should be noted how much the onset of the symptoms 
affects the degree of the reaction. The observations taken in November 
during one of the attacks should be compared with those taken in 
January when there were no visible symptoms of disturbance. 


Taste No. I. 


Date Temp. of cat Time 
1.8.92 38-4° 11.32—3.2 10°10 2°88 
2.8.92 38-4 ,, 1706 2°35 
5.8.92 38-4 ,, Operation 
6.8.92 39-0 ,,. 1i—2 3-01 3-01 
7.8.92 38-4 ,, 11.27—12.27 285 2:85 

12.27— 1.27 $78 

1.27— 4.57 9-12 2-60 

8.8.92 38-4 ,, 12.12— 1.12 2-95 2°95 
5—6 2°72 2-72 


The output of carbonic acid when observed again on 9th, 10th and 12th 
of August and on the 10th of October continued at a similar amount. 
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Taste No. II. 
Observations on Heat-regulating mechanism. | | 
‘Date ‘Temp. of cat Time 
~~ 9.11.92  39°4°C. 12.10—3.10 14°5° C. 8:23 2-74 
3.10—6.10 564 1°88 
5.20 33-5 
6 35° 


6.10—11.40 145, 1397 2-54 

10.11.92 384°C. 296-526 145,, 658 219 
| §.26— 826 34 ,, 4:10 1:36 
8.26—11.26 135 ,, 749 


At the time of these two observations in November (9th and 10th) the 
cat showed acute symptoms. It had recovered in December, and the obser- 
vations taken then on two occasions gave results similar to but less striking 
than those just quoted. In January 1893, when the recovery seemed still 
more complete, the following observation was taken. 


96.193 383°C. 11,52—12.52 15°C. 258 2-58 
12.52— 2.52 13,, 475 237 
2.52— 3.22 17—22°0. 1:23 246 
3.22— 3.52 119 2:38 
3.52 499 7-29, 102 2-04 


4,29. §.22 29° C. 2°44 2°44 
§.22— 5.52 29,, 1:17 2-34 
§.562— 6.22 29—17°C, 1:29 2-58 
6.22— 7.92 129°C. 2:38 2-38 
7.99— 9.22 1, 4°81 2-40 
Cat. No. VII. 


To establish the proof that we have in these pathological animals a 
condition in which the heat-regulating system is essentially damaged, it 
is necessary to show how far the normal animal reacts to changes of. 
temperature in the surrounding air similar to those which have been 
brought about in the experiments described. 

In these observations the experiment extending over nine hours was 
repeated five times, and gave the invariable result that in the final cold 
period there is no rise in the output of CO, as compared with that of 
the hot period immediately preceding. The conclusion therefore must 
be that a period of three hours is not sufficiently long to bring out the 
effect of cold. In this animal the effect of prolonging the observation 
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for three hours more so as to have a cold period of six hours’ duration 
was tried. A cértain amount of rise was then observed. Further, the 
effect of moderate starvation was tried, but even hunger for four days 
was insufficient to modify essentially the reaction which the ‘animal 


gives when plentifully fed. . 
3 Temp. of 

Date Temp. of cat Time 

3.12.92 11°C. 2—5 8°64 2°88 

28 ,, 5—7 5°71 2°85 

7—1 14°84 2°47 

5.12.92 38-1" C. 10 ,, 11—2 

9-9 5—8 B74 1-91 

9. 9—10 1:80 1-80 

9 |, 10—11 2-02 2-02 


__ The other three observations are omitted as they show nothing of further 
interest. 


Kitten. No. VIII. 


The seeeetiaes: given in this table show that. even for the Kitten 
the 9 hours period was not sufficiently long to bring out the character- 
istic reaction of warm-blooded animals to changes in the temperature of 
_ the surrounding air. 

In the 2nd observation the cold period at. the end of the day was 
prolonged to 74 hours, and during the last 14 hours there was a steady 
rise in the output of carbonic acid. | 


Temp. of | 
Date Kitten Temp. of air Time for 
6.12.92 391°C. 9°8° C. 3—6.30 6°12 1°75 
30 ,, 6.30—10 6-09 1:45 
| 9, 10—12 2-76 1:38 
21.12.92. 39°C. 11—12 1:87 1:87 
10 ,, 41 1-41 
ae 10 ,, 1—2 1-66 1-66 
_ Hot air supplied and observations taken each half-hour. 
10—20° C.. 2—2.30 a7 
20—27 ,,  2.30—3 ‘70 1:40 
98° 33.30 63 1:26 
30 ,, 3:30—4 64 1°28 
31 ,, 4—4,30 67 1:34 
$1 ,, 4.30—5 60 1-20 


Cold air supplied and observations in half-hours continued. 
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30—17° 5—B5.30 64 1:28 

17—12 ,,  5.30—6 52 1-04 

11°C 6—6.30 62 1-24 

6.30—7. 59 1:18 
1 7—10.30 4-78 1:36 

10,  10.30—11 64 1:28 

10 ,, 11—11.30 68 1:36 

11.30—12 70 1-40 

12—12.30 78 1:56 

Cat. No. IX. 


A question which still remained to be answered in regard to the 
main problem of this research was how far the animals suffering from 
acute symptoms immediately after the operation showed the variations 
in heat production seen in the case of those which survived the opera- 
tion for some time. _ 

In this animal the normal reaction was examined several times 
before the operation. After the operation the development of symptoms 
was rapid, and these were very severe. Unfortunately the apparatus 
broke down, and this interfered with the observations, so that only one 
was made. This one however is sufficient to show that the heat- 
regulating mechanism had already been very much damaged. 

It will be observed here that the hot air was supplied for two hours 
only, and that the highest temperature was 30°C. The normal animal — 
in air at this temperature indulges in prolonged and apparently most — 
comfortable sleep. This animal, however, which had at the ordinary 
temperature of the room marked muscular twitchings, suffered most 
remarkably from the elevation of the temperature. The dyspnoea 
became excessive and the supply of hot air was stopped after two hours, 

A few minutes after the cold air was supplied the symptoms of great 
distress disappeared. 

The animal during this period of cold air gave off large quantities of 
carbonic acid. This rise in the output of carbonic acid suggested that 
the animal must have been storing the carbonic acid in its blood, and 
that at least part of the distress must have been caused by lack of 
power to excrete the carbonic acid. As will be seen from the record of 
observations in the next case, a similar result was obtained in that 
_ animal the day after the operation. The two cases differed however in 
the severity of the 
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Temp. of | co 
2—3 288 2°88 
Hot air supplied. | | 
C. 3—4 2°90 
32° 2°61 2°61 
31 ,, 5—6 2°48 2°48 
Cold air supplied. | 3 
17°5° C. 6—9 5°29 1-76 
23.2.93 Operation. 
25.2.93  38°4°C. 17° ©. 12—1 275 275 
1—2 2°78 2:78 
Hot air supplied. 
17—25° C. 2—3 2°79 2:79 
Cold air supplied. 
20—I7 ,, 4—5 4°45 4°45 
5—5-30 1°53 3:06 
5.30—6 1°46 2°92 
6—6.30 1°84 3°68 
Cat. No. X. 


In this case further observations were made on the heat-regulating 
function. From these it is manifest that the modification of it is 
established very early after the operation. 

The operation was performed on March Ist. 

On March 2nd the tremors had begun to develope, and on this nw 
the: examination of the heat-regulation system showed a condition 
exactly similar to that seen in Cat IX. two days after the operation. 
The symptoms were much less in this than in the former case, and the 
elevation of the temperature did not on this occasion cause any increase 
of distress. Later, however, this effect was produced. In the case of 
this animal the symptoms were not uniform in their severity, but came 
and went in the manner already described as characteristic, for example, 
in the case of Cat V. One point of interest here may be mentioned. 

If we take the amounts of carbonic acid given off in successive 
periods at the date 2.3.93, we have the following: 


CO | CO CO, grms. 
per hour per | pet hour 


2 4 40 3°45 
Cold {200 99 Cold 33°38 
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What should be noted here is that in each of the three periods there 
is a fall from the first to the last observation. Contrast with this the 
observations made on 9.3.93, and we get the opposite. — ve 


| 
pet boar et beet 
1:33 1-21 
Cold 14 Hot 64 Cold {1-88 
1:86 | 


Here there is an increase in each of the three periods. What this 
change in the nature of the reaction means has not been determined. 
The cat died on March 10th. From the whole of the observations in 
this table we are able to conclude that in the acute condition the 
animals show evidence of a functional change in the heat-regulating 
mechanism. That the results, however, differ considerably amongst 
themselves is what one would naturally éxpect when the typical 
development of symptoms is taken into account. 


CO, grms. 0, grms. 
Dee Time per period _per hour 
1.3.93  38:4°C. Operation. 
2.3.93 12.15 —1.45 3°36 2°24 
| 1-45—2-15 1:00 2-00 
Hot air supplied. 
215-345 359 240 
30°C. 
Cold air supplied. | 
30—18° C, 4.45—5.45 3°45 3°45 
17° C. 5.45—6.45 3°38 3°38* 
38°4° C. 6.45—845 5°70 2°85 
4.3.93 38°1 ,, 10—11 1:50 1:50 
| 45°C. 207 207 
Hot air supplied. | 
25—31 , 1—2 1°65 1°65 
Cold air supplied. 
$1—18° ©. 3—4 247 
16° C, 4—6.30 2°37 1°38 
7.3.93 37:°7°C. 16°5° 1°45 
| 16°C. 12—1 1:59 1°59 
158° C. 1—2 1°64 1°64 
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16—28° C. 9—3 2°29 2°29 
30° C. 1:33 1:33 
45 1:14 1-14 
Cold air supplied. | 
30—20°C.- 5—6. 1°68 1°68 
38-4° C. 6.30—8.30 | 3°29 1-65 
9.3.93 37:4 ,, 165° C. 11—1 2°67 1-33 
1—2 
16°5 ,, 2—3.30 2°58 1:72 


Hot air supplied. | 
16—29°C. 3.30—4.30 1-45 1-45 
80°C. 4.30—5.30 164 1°64 
30 ,, -§.30—6.30 1-86 (1:86 


30—18°C. 630-830 943° 121 


Cat. No. XI. 

| Only two observations were made on this animal. It was used 

chiefly for the study of the nitrogenous metabolism in the cachectic 
2 | ! condition. The two observations on the excretion of CO, were made 

for the purpose of testing those already recotded. One of “these obeer- 
vations is given. The operation was done on July 7th, 1893. There were 
f no marked. symptoms resulting from it and general failure of nutrition 
, set in slowly. 

The observations recorded were made about 4 months after the 
operation. At the time of the operation the cat weighed 3480 grms,, 
whereas when the carbonic acid excretion was observed it weighed 
3745. It had therefore not suffered from starvation. 


Temp. of co CO 

‘Temp. ofcal chamber Time 

29.11.93  37°1°C. 17°2° C. 11—12 2°56 2°56 

12—1 2°35 2°35 

1—2 2°34 2°34 

Hot air supplied | 

17°2—28°7° C. 2—3 2°21 2°21 

27.315, 3-4. 1:96 1-96 
315—33_ ,, 4—5 157 1:57 


31—29-7 ,, 6—8 .3°30 1-65 
Cold air supplied. 
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29°7—22° C. 8—8.30 1°15 2°30 

,, 8.30—3 1:07 2-08 

20—18 ,, 2—9.30 67 1:34 

17°5° C 9.30—10 1:10 2-20 

18° C 10—10.30 1:00 2-00 

18 ,, 10:30—11 1°20 2°40 

17°5° O. 11—11.30 1°12 2-24 
SUMMARY. 


It remains for us to state shortly the conclusions which may be 
drawn from the observations which have been given in the paper. 

1. The first point to be noted is that the development of the 
symptoms, though it varies a good deal, yet essentially conforms to a 


~~ type. In the first place we observe a muscular twitching which occurs 
~ only when the animal is stimulated mechanically, or when it makes 


voluntary effort. Following this, the twitchings occur spontaneously 
but intermittently. This is succeeded by a stage when they occur 
continuously. This introduces a period when spasms of greater magni- 
tude come on, and with the occurrence of these larger spasms the animal 
becomes dull and sluggish. 

The spasms increase in severity till they resemble closely epilepti- 
form convulsions affecting the whole body, At this stage the animal 
dies. 

If on the other hand the symptoms never pass much beyond the 
stage of continuous twitching, the animal survives for some time. 

The development of the symptoms is irregular. They come and go 
in a way which it is not easy to explain, and even in those animals which 
survive for a long period, occasional outbreaks may occur, while in the 
intervals there are apparently no grave symptoms. The case of the 
animal which lives for months after the operation is therefore to be 
regarded as essentially the same as the acute case. They do not differ 
in type. In the latter naturally death may ensue from complications 
which are incident to any wasting condition. In them the periods 
during which there is abatement of symptoms are much prolonged. 

In the later outbreaks we may even have symptoms more severe in 
character than those occurring immediately after the operation. 

2. In the chronic condition we do not get the marked effect of 
change of food, which a been described by = asa as occurring 
in the acute cases. 

3. The progress of - symptoms has no very aed influence on 
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‘the output of carbonic acid. A certain fall occurs, but this may be 


due to the fact that the appetite having failed the cat has not taken so 
much food as it normally does. 

4. When the temperature falls in acute cases, there is not a corre- 
sponding rise in the output of carbonic acid such as occurs in normal 
animals when their temperature is forced down by cold baths. The fact 
that the production of carbonic acid is nearly equal to that observed in 
the normal condition, since this accompanies a steady fall in tempera- 
ture, shows that the animal is unable to take advantage of the amount 
of heat production of which it is capable. 

5. Further examination of the heat-regulating mechanism by caus- 
ing variations in the temperature of the surrounding air, shows that in 


_ these animals heat production varies much more in amount than it does a : 
The condition of the heat-regulating system is probably best 


described as being due to a lesion in the mechanism for heat loss. If 
the heat-losing mechanism be in any way injured so that it cannot be 
functionally efficient, the compensation for variations in the temperature 
of the surrounding air must be brought about by the other factor of 
heat-regulation, viz. by the heat production. This lesion might conceiv- 
ably affect one of two parts of the organism, or both. It might be in 
the first place due to a lesion of the nervous system by which the 
vascular control: is injured, and this would so affect the skin as to render 
it so far useless as a regulator of heat loss. That there are vascular 
changes in the skin I have had occasion to observe in the case of Cat XI., 
which had a scanty white fur. The ears and paws do at irregular times 
become either very much congested or very pale and white. Vascular 
changes in Cachexia Strumipriva have been described by several 
investigators, notably by Schiff. In the second place the skin itself 
may become directly affected. In favour of this we have facts such as 
the loss of hair and atrophy of the cutaneous tissue. We have further 
evidence of the same changes in the fact, that in true me: decries the 
skin is much affected. 

True myxoedema has not been obtained in animals such as cats and 


_ dogs. Myxoedema and Cachexia Strumipriva, however, resemble each 


other not only in the fact that in both the skin is affected, but also in 
the fact that a subnormal temperature is observed in both, and it seems 
highly probable that these two facts are connected with each other. 

One of the chief conclusions of the research is that from the results 
of the examination of the heat-regulating mechanism we are able to see 
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the reason for the subnormal temperature in these animals, and 
presumably also in myxoedema in man. To be forced to regulate the 
body temperature by means chiefly of heat production naturally leads 
to exhaustion. The heat production which is carried on by an animal 
in the normal condition is now insufficient to keep up the temperature. 
Consequently the fall occurs, and the animal lives, as it were, in a 
struggle to keep this fall from being excessive, and gradually fails in 
its efforts. It is also clear that the disturbance caused by this lesion 
varies with the other symptoms. It is well known that patients suffer-— 
ing from myxoedema constantly complain of cold and are tu be found 
warming themselves at the fireside in comparatively warm weather. 
It is also an established fact that their body temperature is subnormal. 

Corresponding to this we find animals in the cachectic condition 
particularly eager to be near a fire or other source of heat. Still the 
well-known love of warmth which normal cats and dogs exhibit makes 
it difficult to detect anything in this which is undeniably abnormal. __ 

It should also be noted in this connection that excessive heat is 
sometinigs just as oppressive as excessive cold. In the acute stage of 
the asin it was observed that both animals examined in this 
relation shéwed an exaggeration of the symptoms when the tempe- 
rature of the air was about 30° C., or that which according to Riibner 
gives the minimum metabolism in the warm-blooded animal. At this 
‘temperature the normal animal enjoys the most profound sleep. Here 
again the condition is most naturally explained by a defect in the heat- 
losing mechanism. Horsley has pointed out that moderate warmth is 
highly beneficial to animals in the cachectic condition, causing abatement _ 
of the acute symptoms and prolonging life. If, as is here suggested, the 
heat-losing mechanism is paralyzed, it is naturally to be expected that 
while moderate warmth is highly beneficial, excessive heat and excessive 
cold would- each have an abnormal effect on the animals. 

In the case of the human subject similar experiments have not 
been to any extent carried out. Still it is interesting to refer to the 
observations made by Dr Marius Wilson’ on the case of one of his 
patients who suffered from myxoedema. This patient resided for some 
time at the Cape, where the climate throughout a great part of the year 
resembles a hot air-bath, and during this time the patient complained 
very much of the heat. 

The connection of the thyroid with heat regulation is however 
es one of the many relations which this gland has to the activities 


1 Scientific Press, 1894. 
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of the organism, and at best it can be put forward only as an indirect 
one, | 

By some indirect way, however, it brings about in the animal a 
condition in which control of the so-called physical factors in heat — 
regulation seems to be to a greater or less degree lost. 

This condition explains, if not the cause, at least some of the 
symptoms associated with the death of animals after thyroidectomy. 

My thanks are due to Prof. Horsley for suggesting to me the 
subject of the research and for the help which he has given me in 
carrying it out. 

The expenses of the research were . partly defrayed by a grant from 
the British 
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ON REFLEX ACTION FROM SYMPATHETIC GANGLIA. 
By J. N. LANGLEY, FRS., Fellow of Trinity College, AND 
H. K. ANDERSON, MB, Caius College, Cambridge. 


Two cases only, of reflex action occurring in peripheral ganglia, have 
been brought forward with sufficient evidence to demand careful con- 
sideration. These are—(1) the reflex from the sub-maxillary ganglion 
of the dog, described by Claude Bernard’, and (2) the reflex from the 
inferior mesenteric ganglion of the cat, described by Sokownin®. In 
the former case the action thus produced is the secretion of saliva from 
the sub-maxillary gland, in the latter case it is a contraction of the 
bladder. 


REFLEX ACTION OF THE SUB-MAXILLARY GAN GLION ON SECRETION, 


With regard to the secretion of saliva in the given circumstances, 
the great majority of physiologists adopted till recently the explanation 
given by Schiff*, viz. that it is due to the stimulation of recurrent 
fibres of the chords tympani. And it would have been unnecessary to 
give any further attention to this matter but for a paper published by 
Wertheimer‘, in which he reasserts that the true explanation of the 
facts is the occurrence of a reflex in the peripheral ganglia on the 
course of the chorda tympani. 

Wertheimer arrives at this conclusion, since, repeating one-of the 
experiments relied on by Schiff, he obtains a diametrically opposite 
result. The lingual nerve is cut two to four centimetres below the 


1 Claude Bernard. Journ. de Physiol. 1862, p. 400. It may be recalled that the 
‘sub-maxillary ganglion’ of Bernard is in the main a sub-lingual ganglion; and that 


the true sub-maxillary ganglion lies in the hilus of the gland (cp. Langley, This Journal, 
x1. 123, 1890). 


2 Kowalesky and Arnstein. Phiiger’s Archiv, Bd. vm. p. 600. 1874. 
* Schiff. Lecons sur la Physiol. de la Digestion, 1. 284. 1867. For an account of the 
controversy on the subject see Foster’s Text-Book of Physiology, Ed. 11. p. 240. 1879. 
4 Wertheimer. Arch, de Physiol. norm. et path. 1890, p. 519. 
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point where the chorda tympani and lingual nerves diverge, and the 
animal is left for six or seven days so that the cut recurrent fibres may 

degenerate. Then the chordo-lingual nerve is severed centrally of the 
: ‘sub-maxillary ” ganglion, and the portion of the, lingual central to the 
first cut, ie. the part supposedly attached to the ganglion, is stimulated. 
The stimulation according to Schiff has no effect ; Wertheimer finds 
that it produces a flow of saliva. 

Both Wertheimer and Schiff state that in such an experiment all 
the recurrent fibres have been cut and have degenerated. Naturally 
Wertheimer contests Schiff’s deduction; he argues that as the 
secretion which he obtains cannot be due to recurrent fibres, it must be 
due to the stimulation of afferent fibres which run from the tongue to 
the sub-maxillary ganglion, stimulation of these causing a reflex action 
in the ganglion. | 

It is obvious, however, that the major premiss of this argument is 
unsound; the section of the lingual will only cause degeneration of 
those recurrent fibres which curve back below the point of section; 
those fibres which take their recurrent course centrally of the point of 
section will remain normal, just as the chorda tympani remains normal ; 
and stimulation of these will produce a — just as does stimulation 
of the chorda tympani, 

Of the existence, in some cases, of nerve-fibres which accompany the 
lingual and then turn back towards the salivary gland there can be no 
doubt. Wertheimer himself describes one such case. We have 
traced anatomically such fibres leaving the lingual nerve at varying 
distances, up to three and a-half centimetres from the region where the 
chorda tympani leaves the lingual. Such fibres usually join the chorda 
tympani after it has run a centimetre or more on its course’. 

In the absence of accurate knowledge of the number and course of 
the recurrent fibres in each individual case, it may be said with 
certainty that experiments like those of Wertheimer do not, and 
cannot, prove that the sub-maxillary ganglion has a reflex function. 

The controversy, then, stands much as it has stood for many years 
past, and it is hardly necessary to give the other known facts on either 
side. On reviewing them, it seemed to us that the sub-maxillary 
ganglion was an unfavourable one for the study of the main question, 
and we turned to the other asserted instance of a reflex, for whatever 
general statements can be made of any one sympathetic ganglion may 


1 On the other hand, it must not be overlooked that in all probability many of these 
fibres run to the sub-lingual and not to the sub-maxillary gland. 


cat 
4 
‘on 
1 
2 
a 
<3 
¥ 
& 
aay 
tgs 


q 
% 
a 
= 
4 
a 
‘= 
1g 


412 J. N. LANGDEY AND H. K. ANDERSON. 


with a high degree of probability be applied to all other ganglia 


belonging to the sympathetic i 


REFLEX ACTION OF THE INFERIOR MESENTERIC GANGLION 
ON THE BLADDER. 


The earliest mention which we find of this action is in 1874 in an 
abstract of a paper of Sokownin’s’; it is simply stated that the 
sensory fibres which run to the bladder by way of the hypogastric 
nerves have their reflex centre in the inferior mesenteric ganglion. A 
fuller statement was published in Russian in 1877. In the summary’ 
of this, the work is said to have been done under the direction of 
Kowalesky. In acurarised cat, all the branches of the inferior mesen- 
teric ganglion were cut, except the two hypogastric nerves. One 
hypogastric was cut and its central end stimulated, this gave contraction 
of the bladder ; similar stimulation was without effeet after the opposite 
hypogastric had been tied immediately below the ganglion. The 
afferent portion of the reflex chain was supposed to consist of sensory 
fibres running from the bladder to the ganglion. 

_ The experiment was repeated and confirmed by H. Nussbaum’. 
More recently it has been again repeated and confirmed by Navrocki 
and Scabitschewsky 4, who add that the reflex can also be obtained 
by pinching the central end of the hypogastric nerve, i.e. by mechanical 
stimulation. Lastly it has been confirmed by ourselves, 

Nomenclature of branches of the inferior mesenteric ganglion. A 
general description of the inferior mesenteric ganglion in the cat has 
been given by Sokownin‘ and by Navrocki and Scabitschewsky’. 
Speaking broadly, it may be said to consist of two ganglia on each side, 
one just.above, and the other just below, the inferior mesenteric artery, 
the ganglia being connected by nerve-strands; this, however, repre- 
sents its complexity but imperfectly. The ganglia and the nerves 
connected with them are in the main bilaterally symmetrical. The 


nerves, usually three, which, on each side, run from the spinal cord, 


traversing the sympathetic trunk, are called by Navrocki and Scabit- 


1 Sokownin. Pfliiger’s Archiv, Bd. vit. p. 600. 1874. 
2 Sokownin, Hofmann and Schwalbe’s Jahresb. 1877, Bd. 6, 1. p. 87. 
 $#H. Nussbaum. Hofmann and Schwalbe’s Jahresb. 1879, Bd. 8, 11. p. 64. 
4 Navrocki u. Scabitschewsky. Pfliiger’s Archiv, Bd. 49, p. 141. 1891. 
5 Langley and Anderson. Proc. Physiol. Soc. May, 1898 (This es xv.). 
8 loc. eit. 1877. 
7 Pfliiger’s Archiv, Bd. 48, p. 335. 1891. © 
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schewsky, mesenteric nerves; they correspond with the splanchnics, 
and they might more appropriately be called the inferior or lower 
splanchnies ; we shall generally speak of them as the spinal branches to 
the ganglia. “From each side, nerves are given off towards the colon, 


_ forming as they go a plexus around the peripheral part of the inferior 


mesenteric artery; these we shall call the colonic nerves. From the 
upper end of ‘the upper ganglia, two or more strands run close together 
towards the solar plexus; as these consist in part of fibres running from 
the ganglia, they may be called the ascending branches; not in- 
frequently, however, a spinal branch on each side joins the ascending 
branches and runs alongside them to the ganglion. Commonly each 
hypogastric nerve about three-quarters of an inch from the ganglion 
gives off a small strand—an accessory hypogastric—which runs in the 
more dorsal part of the mesentery towards the pelvic (hypogastric) 
plexus. The right hypogastric appears to be, as a rule, larger than the 
left. 

In nearly all our earlier observations we took tracings of the internal 
pressure of the bladder, showing the occurrence of contraction or dilation 
of its walls. A German silver catheter pierced with holes in its terminal 
inch was passed through the urethra into the bladder, and the urethra 


_ tied round it. This was connected with a T tube, one end of which was 


connected with a vessel having several openings, one for a thermometer, 


one to allow fluid to run out, another connected with a burette by 


which fluid could be allowed to run in, and a fourth connected with a 
vertical glass tube. The vessel was filled with -75 p.c. salt solution, and 


was kept at any required temperature by means of a spirit lamp under- 


neath it. The vertical glass tube was 4°5 centimetres in diameter, and on 
the salt solution in it was a glass bulb serving as a float; to the upper end 
of the float was attached a thread which passed over a wheel, and so 
down to a counterpoised marker, the end of which wrote upon a slowly 
revolving drum, the marker being arranged so that a contraction of the 
bladder caused a rise in the tracing. The whole was placed on a screw 
stand, the marker could be moved towards or away from the 
drum. The vessel could be raised or lowered by means of a screw, and 
the wheel carrying the thread to the lever could also be raised or 
lowered by an independent screw; further, the animal could be raised 
or lowered. The tracings were taken sometimes with the ventral, 
sometimes with the dorsal surface of the animal uppermost (cp. p. 422); 


in the latter case, the abdominal wall was cut through along the edge 


of the quadratus lumborum, and the nerves dissected from the side. — 
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Altogether the apparatus was rather complicated, but it is hardly 
necessary to describe it in further detail as everyone will probably use 
his own methods of obtaining the desired ends, viz. of varying the 
pressure in the bladder, of keeping the fluid in the bladder at about — 
88° C., and of conveniently obtaining a tracing of the pressure in the 
bladder, and so noting its contractions and dilations. | 

The chief trouble which besets this form of experiment is the 
frequent occurrence of spontaneous and irregular contractions. These 
are generally the more marked the more the bladder has been exposed 
and handled. In part they appear to be due to reflexes through the 
sacral nerves, caused by stimuli passing to the spinal cord from the viscera 
which have been exposed ; and thus, as mentioned by Sherrington, they 
can often be much reduced, and sometimes even abolished, by giving 
chloroform and ether in considerable excess; the diminution of the 
contractions caused by anzesthetics is accompanied by a considerable loss 
of tone. The cooling of the fluid in the bladder may increase the 
rhythmic contractions; and in consequence they may sometimes be 
diminished by emptying the bladder and refilling it with °75 p.c. salt 
solution at 38°C. Lastly, stimulation of the motor nerves to the 
bladder is favourable to the production of a rhythm. In a few only of 
our experiments was the bladder quiescent, though in one case 


there was no contraction, except on stimulation, during four hours. As 


a rule there was rhythmic contraction more or less pronounced; in 
these cases we usually stimulated the hypogastric or other nerve just 
after the marker began to fall, i.e. at the beginning of the dilation of 
the bladder. 

_ We have made 18 experiments on the cat, taking a tracing of the 
internal pressure of the bladder (Series A). The — method of 
these experiments was as follows :— 

The anesthetics used were chloroform, followed by the A.c.£. 
mixture, and sometimes in addition 1 to 2 c.c. of 2 p.c. morphia acetate 
was injected into a vein. One hypogastric nerve—sometimes the right, 
sometimes the left-—was tied an inch to an inch and a quarter from the 
inferior mesenteric ganglion, and cut peripherally of the ligature. The 
mesentery was cut through for about three-quarters of an inch on each 
side of the inferior mesenteric artery, close to its origin, and the 
mesentery, with any nerve filaments, torn away from this region of the 
artery. From the upper cut in the mesentery, another cut was made 
towards the colon, so as to sever any nerve which might run to the 
ganglia in the upper portion of the mesentery. Thus all the connections 
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between the ganglia and the sympathetic chain and so the spinal cord . 
were severed. Sometimes the branches proceeding from the ganglion 
to the intestine by the inferior mesenteric artery were also severed. 

The pubic symphysis was cut through, the catheter passed through 
_ the urethra into the bladder, and the urethra tied round the catheter. ° 

In some cases a portion of the spinal cord was also removed, the 
smallest portion removed being from the vith lumbar segment down- 
wards, the largest portion being from the xth thoracic segment down- | 
wards, 

A tracing of the pressure inside the bladder was then sion The 
central end of the cut hypogastric nerve was stimulated, and the effect 
on the tracing noted. Commonly, three strengths of stimuli were used: 
first, one such that the shocks could not be felt on the tip of the tongue, 
_ then one such that the shocks were felt feebly on the tip of the tongue, 
and lastly, one such that the shocks were felt rather strongly. In some 
cases the central end of the hypogastric was pinched several times with 
a fine pointed forceps, and the effect on the tracing noticed. 

Then the opposite hypogastric nerve was cut, and the first ned 
hypogastric again stimulated. Lastly, the effect of stimulating the 
peripheral end of the opposite hypogastric was observed. 

In this way we obtained incontestable proof that after cutting all 
the nerves connected with the inferior mesenteric ganglion except the 
hypogastrics, stimulation of the central end of one hypogastric nerve 
by tetanizing shocks or by pinching, still causes contraction of the 
bladder. 

We do not, however, think the method given above is a fevounible 
one for demonstrating the effect. 

Stimulation of the peripheral end of one hypogastric, unlike that of 
the nervus erigens, causes a brief contraction only, which squeezes 3 to 
8 c.c. of fluid from the bladder. The stimulus must not be repeated at 
too short intervals, or the effect will be reduced and may temporarily 
disappear. The contractions produced are not unlike the spontaneous 
contractions, and consequently when the latter are large and of an 
‘irregular character, it may be impossible except after repeated trials 
to be certain that the contraction which follows the stimulation is really 
produced by it. But on repeated stimulation, the effect is apt to be 
mach diminished. And thus we have sometimes found, especially to- 
wards the end of an experiment, that the peripheral hypogastric fails to 
give prompt and satisfactory proof of its influence. These stumbling- 
blocks in the way are much more serious in observing the effect of 
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stimulating the central end of the hypogastric, for the contractions 


produced by it are weaker and fatigue sets in sooner. In favourable 


circumstances stimulation of the central end of the nerve causes ejection 
of about 3 c.c. of fluid from the bladder, the form of the curve obtained 
on the tracing being us same as that obtained when the peripheral 
end is stimulated. 

We have said above that we have made 18 experiments by the 
graphic method. In 7 the central end of the hypogastric gave re- 
peatedly distinct contraction; in 8 it gave sometimes a distinct con- 
traction, sometimes a doubtful effect, sometimes none; in 3 it gave no 
certain effect. In two of the 3 experiments last mentioned the peri- 
pheral end of the opposite hypogastric had also a very feeble effect. : 

In all our later experiments we have reverted to the method of 
direct observation of the bladder, and for several reasons. The pressure 


of fluid in the bladder, and even the presence of dilute salt solution, 


seems to us to increase the spontaneous contractions; occasionally, on 
stimulating the hypogastric there is a fall of the lever, as if there were 
a dilation of the bladder ; the graphic method is much more troublesome 
than that of direct observation ; and direct observation gives, we think, 
more constant results. 

It is true, generally speaking, that when an organ contracts of itself 
there is very considerable risk, in the absence of a graphic record, of 
mistaking a contraction that simply follows a stimulus for one pro- 


duced by it. This risk is however less, the more marked the effect 


of the stimulus. In the bladder the spontaneous contractions have, to 
the eye, a different character from those produced by stimulation of one 


hypogastric. The spontaneous contraction, though by no means simul- 
_ taneously involving all parts, commonly does involve all parts. The 


contraction produced by the hypogastric nerve is strongest in the 
neighbourhood of the opening of the ureter, and in the main is confined 
to one side of the bladder. 

Distension of the bladder seems to us to be detrimental to the 
distinctness of the contraction, hence we nearly empty it at the be- 
ginning of an experiment. The effect of stimulation is obvious when 
the bladder is apparently quite empty and tightly contracted. 

During the dissection the viscera are covered up with pieces of 


warm flannel, several of which are kept in salt solution at 40°C. and 


wrung out as required. A minute or more before stimulating the 
nerve, the bladder is turned towards the pelvis so that its dorsal surface 


can be observed. 
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We have made numerous experiments (Series B) in which the 
bladder was observed directly, but otherwise following the method 
described above (p. 414), and with most satisfactory results. The chief 


precaution to take is to refrain from stimulating the central end of the 


hypogastric at too short intervals. There is some difference in the 
extent of the contraction in different individuals; and so far as our 
observations go, the less marked the contraction, the less marked are 
the strands connecting the ganglia of the two sides. 

The isolation of the inferior mesenteric ganglion can be simplified 
and made absolutely certain, by proceeding in the following way. One 
hypogastric is ligatured and cit, the central end is held up by the 
ligature, and the mesentery on either side of it cut through up to the 
ganglion; pulling gently on the ligature, the ganglia above the artery 
are cut away and all the branches of the lower pair of ganglia, except 
the opposite hypogastric, the mesentery on either side of this is cut 


through; thus, the central end of one hypogastric, the lower pair of 
ganglia, and an inch or more of the opposite hypogastric can be held up 


in the air. A stimulus started in the cut hypogastric can only reach 
the body by passing through the ganglia and the opposite hypogastric. 


On stimulating the central end of the cut hypogastric, obvious con- 


traction of the bladder follows. 


- OTHER REFLEXES FROM THE INFERIOR MESENTERIC GANGLION. 


When we had obtained sufficient proof of the truth of the previous 
accounts as to the occurrence of a reflex action on the bladder, we turned 
our attention to the question of the occurrence of other reflexes of a 
similar nature. Contraction of the bladder is but one of a number of 
actions under the control of the hypogastric nerves. The other obvious 
and constant effects produced by them in the cat are, contraction of the 
internal sphincter of the anus’ with pallor of the mucous membrane of 
the end of the rectum, and unilateral pallor of the uterus (or vas 
deferens and prostate vesicle). An effect which varies widely in dis- 
tinctness in different individuals is contraction of the uterus (or vas 
deferens and prostate vesicle); besides this there may be slight contrac- 
tion and pallor of the vagina (or penis); pallor and contraction of the 


1 This contraction might be regarded as a contraction of the rectum, but as it is at its 
maximum close to the anus and diminishes upwards, not being visible so far as we have 
seen in the upper part of the rectum, we chink 
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end of the colon and the rectum, and apparently sometimes paling of the 
bladder. The contraction of the internal sphincter if strong is visible 
externally, and may be accompanied either by an anterior or a posterior 
movement of the anus; it is however best seen by dragging open the 
external sphincter ; the pallor of the uterus is often slow, though finally 


very complete. 


_ The preliminary preparation for isolating the inferior mesenteric _ 


ganglion is of course the same as that already given, and need not be 


repeated. 

We find that stimulation of the central end of one hypogastric after 
isolation of the inferior mesenteric ganglion gives marked contraction 
of the internal sphincter of the anus, and pallor of the mucous mem- 
brane of the end of the rectum. If intervals of a minute or two are 
allowed between successive short stimuli, the effect is obtained 
constantly and apparently for as often as one chooses to repeat the 
stimulus. The quickness and strength of the contraction vary in 
different individuals; it may be more, or it may be less, striking than 


_ the contraction of the bladder. The spontaneous rhythmic contractions 


which sometimes occur interfere with the observation only when the 
contractions for any reason (e.g. insufficient strength of stimulus or 
interference with the blood supply) are feeble. Occasionally there is a 
little difficulty with the external sphincter of the anus. For this, if 
the sacral spinal cord is intact, may have at times strong vitcate 
movement. 

If the colonic nerves are left in connection with the ganglion, then, 
sometimes, section of one hypogastric weakens but does not annul 
the internal sphincter effect of stimulating the central end of the other 
hypogastric. -Apparently, impulses travelling up the hypogastrics, may 
pass to the internal sphincter by the colonic nerves. Further, we have 
seen a weak contraction of the internal sphincter on stimulating the 
central end of a bundle of the colonic nerves. But these are points to 
which we have not given a great deal of attention. - 

On the uterus, the central end of the hypogastric has very little 
effect; not infrequently we have seen slight pallor of the cornu and of 
the body of the uterus on the opposite side, but once only have we been 


able to satisfy ourselves that there was a contraction of the musculature 
of the organ. 


On the vagina, we have occasionally seen a slight reflex effect, but 
more commonly there was none. 


We have not observed any other effect with certainty. Thus, the 
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reflex effects produced by stimulating the central end of one hypogastric, 
are roughly in proportion to the distinctness of the effects produced 
by stimulating its peripheral end; the chief variation being the com- 
paratively slight pallor which dhe: central end of the nerve causes in 
the uterus, 

We ought perhaps to mention specially that the reflexes can be 
obtained by pinching the end of the nerve as well as by applying 
tetanising shocks. 

In one or two cases we severed close to the bladder the nerves 
running to it; stimulation of the central end of these nerves gave 
contraction of the bladder and none of the internal sphincter. The 
result suggests that the reflex in any one organ is only produced by 
the nerves which run to it; but to determine this requires further 
_ experiments. 

We have made half-a-dozen experiments on the dog, but without 
satisfactory results; the reflexes, even on the bladder, were slight and 
-inconstant. In he rabbit, the two hypogastrics run so close to one 
another for a large part of their course, that it is difficult to isolate a 
sufficient length of one without injuring the other; we have obtained 
effects on the uterus and on the descending colon by stimulating the 
central end of one hypogastric ; the latter effects are more obvious when 
the central ends of both hypogastrics are stimulated. 

The point in this section which we would emphasize is that either 
hypogastric nerve can produce reflexly a marked contraction 
of the internal sphincter of the anus, and pallor of the mucous 
membrane of the end of the rectum, 


CONSIDERATION OF THE POSSIBLE EXPLANATIONS OF THE REFLEXES, 


We take it to be sufficiently proved that stimulation of the central 
end of a nerve-strand proceeding from the inferior mesenteric ganglion 
can give rise to impulses which travel down efferent fibres of another 
nerve-strand proceeding from the ganglion. 

The fact is interesting, but in itself it proves nothing as to the 
really important questions, whether the peripheral ganglia can or 
cannot act as reflex centres, and if they can whether the reflex action 
has the same anatomical basis as the reflex actions of the central 
nervous system. 

There are a number of ways of accounting for the fact. We will 
consider these as far as possible separately. But first we will give an 
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account of the action of nicotin upon the reflexes since this gives one 
sure se towards a conclusion. 


Action of nicotin on the hypogastric reflexes. 


Nicotin, as we know, acts upon sympathetic nerve-cells—or upon 
| the connections of nerve-fibres with them—so that impulses which 
| normally would pass through the cells, do so no longer. 
| Now if about 20 milligrams? of nicotin are injected into a vein of a 

it cat, stimulation of the central end of the hypogastric no longer has any 

Pil effect. Hence, the impulses set up on stimulating the central end 

ql of the hypogastric nerve, must somewhere on their course traverse 
| nerve-cells. These nerve-cells, for the most part at any rate, are not 

on the course of the peripheral hypogastric, for as was earlier shown by 
| one of us? nicotin does not abolish the effects of stimulating the 
peripheral end of the hypogastric. The inferior mesenteric ganglion is 

a the sympathetic cell-station for the great majority of the efferent 

hypogastric fibres ; or, in other words, it is the ee centre for these 
fibres. 
Hence, in whatever way stimulation of the central end of 
i 


| the hypogastric produces its effects, the nervous impulses 
| which pass down the opposite hypogastric and give rise to 
. : the various motor phenomena must previously have passed 


through nerve-cells in the inferior mesenteric ganglion. 

As with other sympathetic ganglia, the duration of the paralysis 
after nicotin depends upon the dose; with a small dose the paralysis 
may last 15 to 20 minutes only; its disappearance being shown by the 
return of function both of the spinal branches to the inferior mesenteric 
ganglia and of the central end of the hypogastric. We give one protocol 
to illustrate the experiments of this series. 


SERIES 


Action of Nicotin on the Hypogastric Reflexes, 
Cat. 1.25. Chloroform, and afterwards A.c.&. mixture. Double tie and cut 
_ right hypogastric. The inferior mesenteric ganglion was not iso- 
an lated, in order to avoid a possible interference with the blood 
supply to it. Tetanising shocks felt distinctly but weakly on the 
_ tip of the tongue. 
| * The minimal dose required appears to be about 10 milligrams, but in order to be on 


the safe side we have generally given 20 to 50 milligrams, 
® Langley. Proc. Physiol. Soc, Dec. 1890. (This Journal, x11. 1891.) 
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1.47 to 2.15. Stimulation of the central end of the right hypogastric causes 
contraction of the bladder, chiefly of the opposite side, slow but good 
contraction of the internal sphincter of the anus, pallor of the 
mucous membrane of the end of the rectum, a slight, slow paling 
of the cornu of the uterus of the opposite side; and usually a 
slight reflex twitch of the muscles of the body. Stimulation of the 
peripheral end of the right hypogastric causes similar visceral effects 
to a more marked degree, the effects on the bladder and uterus being 
chiefly on the same side. 

2.21 Inject 2¢.c. of 1 p.c, nicotin (= 20 milligrams) into the jugular vein. 

2.25 Stimulate central end of hypogastric ©—no effect. 

2.26 Stimulate peripheral end of hypogastric—effects much as at first. 

2.27 Stimulate central end of hypogastric | —no effect until the electrodes 

touch the ganglion. 

2.40 Stimulate central end of hypogastric —no effect. 

2.50 Stimulate central end of hypogastric —contraction of bladder ; ? no 

effect on internal sphincter. 

Tie and cut spinal branches on the right side. 

2.53 Stimulate right spinal branches —contraction of bladder; 

| effect seen on internal sphincter. 

2.55 Stimulate central end of hypogastric —contraction of bladder; slow 

contraction and pallor of internal sphincter. | 

Out spinal branches on the left side and the ascending branches, thus 
isolating ganglion except for the hypogastric and colonic nerves. 

3.10 Stimulate central end of hypogastric —contraction of bladder, con- 

_ traction and pallor of internal sphincter. 

Cut away upper part of ganglia, and cut all attachments of the lower 
pair except the two hypogastrics, thus the right hypogastric is 
only connected with the body by the peripheral _ of the 
left hypogastric. 

. 3.30 Stimulate central end of right hypogastric—slight but distinct con- 

traction of bladder and of internal sphincter. 


_ Having so far limited the possibilities we may proceed to discuss 
the various alternatives. 


Recurrent fibres. 


The ret view which naturally presents iteelf i is that the explanation 
_ given by Schiff and others of the ‘reflex’ from the sub-maxillary 
ganglion may serve also for the ‘reflexes’ under discussion. There is 
to us nothing unlikely in the view that fibres from the lumbar or 
sacral nerves might join the hypogastric some considerable distance 
from the inferior mesenteric ganglion, ascend in it, pass to cells in the 
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ganglion, and so be connected with fibres which descend in the contra- 
lateral nerve. And in fact, two or more branches of the nervus | 
erigens are continuous anatomically with the lower end of the 
hypogastric. | 
In testing this view we have confined our attention almost entirely 
to the bladder, since it is in the highest degree unlikely that the 
meaning of one ‘reflex’ obtained from the central end of the hypogastric 
should be different from that of the rest. The usual method employed — 
was to cut on one side close to the bladder all the nerves running to it, 
and to stimulate the sacral nerves in the spinal canal; or in addition to 
- cut the spinal branches of the inferior mesenteric ganglion, and to 
stimulate the lumbar nerves in the spinal canal. In such case, if 
nerve-fibres ascend in the hypogastric, they are uninjured, and stimula- 
tion of the spinal nerves giving off these fibres should cause a 
contraction of the bladder. The state of the bladder was in most 
cases noted by taking a tracing of the internal pressure (cp. p. 413). 
The lower part of the animal was suspended in the air by means of 
clamps attached to the vertebra, since it was found that in this way the 
movements of respiration and peristalsis of the intestines had very 
little effect upon the bladder tracing. Stimulation of the upper lumbar 
nerves, causing a contraction of the abdominal muscles, naturally gave 
a rise in the bladder tracing. To avoid this, the nerves were cut just 
outside the longissimus dorsi, or—in one or two cases—curari was given 
as well as anesthetics. The muscular movements caused by stimu- 
lating the lower lumbar and sacral nerves, though violent with some of 
the nerves, have very little effect on the bladder tracing. i 
(a) Sacral Nerves. We have made six experiments as to recurrent 
fibres arising from the sacral and adjoining spinal nerves. In these the 
lower part of the spinal cord was removed and on both sides the sacral . 
and one or more of the adjoining nerves’ stimulated. Stimulation 
of the nerves on the side on which the fibres running direct to the 
bladder were intact served as a control, and showed that the bladder 
responded readily enough when its motor fibres were stimulated. In 
four of these experiments there was no suspicion of the presence of 
recurrent fibres. In the remaining two the irregularity of the rhythmic 
contractions’ made the result less clear, but an inspection of the whole 


1 Up to the vith lumbar and down to the mrd coccygeal. , 
* Cutting the nerve-fibres to the bladder involves more or less interference with the 
blood supply ; sometimes indeed the arteries were ligatured so that the attachments of the 


bladder on one side could be completely severed. This favours the production of irregular 
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tracings showed that there was no single case in which contraction 
could be definitely attributed to the stimulation. 

From this it may fairly be concluded that the lower part of the 
spinal cord sends to the bladder no fibres, which take the indirect route 
of ascending in one hypogastric to descend in the other. 

It must, however, be mentioned that these experiments are open to 
some criticism. The lower part of the spinal cord sends motor fibres to 
the bladder by three spinal nerves; so that any one spinal nerve would 
probably contain not much more than one-third of the nerve-fibres 

taking the hypogastric route, supposing such nerve-fibres to exist. 
Now in the conditions of the experiments, the central end of the 
hypogastric, i.e. the whole of the assumed nerve-fibres, often gives but a 
slight and inconstant contraction of the bladder, and hence it might be 
argued that when a part only of the fibres is stimulated, the contrac- 
tion would possibly fail altogether. In this set of experiments, the 
central end of the hypogastric was not stimulated until the spinal 
nerves had been stimulated repeatedly, so that we could hardly expect 
the hypogastric to produce its full normal effect. And in fact, it did 
not do so; in one case only was the contraction marked, in the others 
it was slight and inconstant. 

The criticism may be met by stimulating the nervus erigens instead 
of the sacral nerves, since the latter send their motor fibres to the 
bladder by way of the nervus erigens, We have tried this in three 
cases by the graphic method, and have not found any effect on the 
bladder,—the nerves to the organ on the side stimulated being of 
course cut. We have repeated the experiment, observing directly 
the bladder and the internal sphincter of the anus and also with 
negative results. 

_ (6) Upper lumbar nerves. If the hypogastric nerve on one side be 
cut, and on the same side the upper lumbar nerves which send fibres to 
the bladder be stimulated, we still obtain a contraction of the bladder 
on the opposite side, contraction of the internal sphincter, and so forth. 
So, also, if a spinal ramus of the inferior mesenteric ganglion be 
stimulated, the hypogastric nerve on the same side being cut, there 
follow contraction of the bladder on the opposite side, and the other 
effects of stimulating the opposite hypogastric. This means that the 
upper lumbar nerves of one side of the body send fibres down both 
hypogastrics. Now the spinal rami to the inferior mesenteric ganglion 
stretch over a considerable space in the mesentery; these for the most 
part are anterior to the ganglion, but it might well happen that a few 
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fibres not obvious as a distinct special ramus should take a more 
posterior course, curve into the hypogastric and ascend in it to the 


| ganglion. If there were such fibres, we should expect them, like the 


more obvious spinal rami, to send some fibres down the opposite 
hypogastric. Here then, as with the sacral nerves, there is some 
anatomical basis for attributing the ‘reflex’ to recurrent fibres. 

The experiments to test this are on the same lines as those given for 


the sacral nerves, but are rather more complicated. On one side all the 


nerves to the bladder are cut through close to it; the obvious spinal 
rami of the inferior mesenteric ganglion are severed by making a cut 
through the mesentery, starting about a quarter of an inch below the 
inferior mesenteric artery and curving anteriorly to it nearly to the 
colon. Tracings of the internal pressure of the bladder were taken. 

In this way four experiments were made, the spinal nerves from 
the xuuth thoracic to viith lumbar being stimulated; the stimulation 
had no effect upon the bladder, ic. there was no evidence of the 
presence of recurrent fibres. 

Since the upper lumbar nerves sometimes send a few fibres through 
the lower part of the lumbar sympathetic trunk to the bladder, it 
seemed possible that these might be recurrent hypogastric fibres. But 
on cutting both sympathetic trunks just below the vith lumbar 
sympathetic ganglia, and leaving six days for degeneration, we still 


found good reflex contraction of the bladder when the central end of 


one hypogastric nerve was stimulated. 

Hence then we conclude that the various effects which follow 
stimulation of the central end of the hypogastric nerve are 
not due to recurrent fibres, ie, to spinal fibres joining the © 
hypogastric low in its course, ascending in it to the inferior 
mesenteric ganglion, and proceeding to their terminations in 
the opposite hypogastric. 

Further observations bearing on this wins will be given in the 
subsequent section (p. 425). . 

We may, then, consider the various effects just spoken of as being | 
due to a reflex action, but the mechanism of the reflex is still to seek. 

In the following inquiry into this question, we shall assume, in 
accordance with the general result of neurological research, that each 
nerve-fibre has one trophic centre only, and that this trophic centre is a 


 nerve-cell. The primary point, then, to determine is the position of the 


trophic centre of the nerve-fibres which give rise to the reflexes. The 
observations made to this end require that certain nerves should be cut 
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and time given for them to degenerate. The operation was conducted 

as follows :—the animal, which had not been fed on the morning of the 

operation, was anssthetized with ether, the hair in the required region 

was shaved, the skin washed first with soap, then with 0°2 p.c. HgCl, and © 
the nerve or nerves cut; the wound was sewn up with deep and super- 

ficial ligatures of carbolized chromic catgut. Antiseptic precautions were 

used ; ‘2 p.c. mercuric chloride, 2°5 p.c. carbolic acid, and boiled ‘75 p.c. 

salt solution being’ employed at their appropriate times. During the 

stitching of the wound, lc. of 2p.c. morphia was injected sub- 

- eutaneously and the ether discontinued. This served to keep the 

animal quiet until the collodion dressing had become stiff, and also to 

prevent the sickness which is apt to occur after ether alone. The 

animals were left sleeping and the next morning showed no sign of 
_ pain, and purred on being stroked; in one case (spinal nerves cut), the 

animal was drowsy and rather dereid. The diet was milk for a day 

after the operation, then milk and fish or other food according to. the 

appetite and state of the animal; most of those which underwent 
abdominal operation had more or lene diarrhea. 


Question of trophic centre on the peripheral course of 
the hypogastric. 


If the nerve-fibres subserving the reflexes have their trophic centres 
on the peripheral course of the hypogastric nerves, these fibres must of 
course, after section of the hypogastrics, degenerate in the central ends 
of the nerves. To decide this matter, it is, then, sufficient to cut one 
hypogastric, and after giving time for the degeneration of the cut fibres, 
to stimulate the central end with isolated inferior mesenteric ganglion. 
If the stimulus produces no reflexes, the trophic centre is peripherally 
of the cut; if, on the other hand, it produces the reflexes as usual, the 
trophic centre must be centrally of the cut. 

We have made five experiments (Series E) in which one hypogastric 
was cut, and, after an interval, the central end was stimulated. The 
interval was ten days in No. 1 and No. 2, seven days in No, 3, five days 
in No. 4 and No. 5. 

In No. 1 and No. 2, the reflex on the bladder only was looked for, 
and this by the graphic method. In one of these, there was a good and 
constant reflex, in the other, as often happens with this method, 

it was slight and inconstant. 
In the other three, the organs were observed directly ; in each of 
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these, stimulation of the central end of the cut hypogastric gave obvious 
and indubitable contraction of the bladder; it gave also distinct con- 
traction of the internal sphincter of the anus, though in two of the 
cases, the contraction was less strong than that which we expect from 
the normal central end’. 

These positive results show that the nerve-fibres which sub- 
serve the reflexes have not their trophic centre on the 
peripheral course of the hypogastric nerves. 

We give some details of two experiments of this series. - 


Serres E, 
Effect of section of one Hypogastric Nerve. 
No. 3. Cat. Left hypogastric nerve and the largest of the spinal branches — 
on the left side cut 7 days previously. Give chloroform, and then 
A.C.E, mixture. 
12.20 Stimulate central end of left hypogastric—good contraction of the 
bladder and slight contraction of the internal sphincter of the 
anus, but less strong than usual. 
Tie separately, spinal branches on left side, spinal branches on right 
side and the ascending branches. 
1.2 Stimulate central end of left hypogastric—contraction of bladder, 
slight contraction of internal sphincter of anus. 
Stimulate chief right spinal branch—contraction of bladder, vas 
deferens and prostate; weakish contraction of internal 
sphincter. 
Stimulate left spinal branches. | —contraction of bladder, vas 
deferens and prostate; weak contraction of internal sphincter. 
No. 4. Cat. Right hypogastric nerve cut 5 days previously about an inch 
below the ganglion. Chloroform, then a.c.z mixture. As ab- 
dominal muscles are rather tense, inject morphia and afterwards 
curari into the jugular. Tie separately the spinal branches on the 
right and left sides, and the ascending branches. 
Stimulate left spinal branches—contraction of bladder and of 
internal sphincter of anus. 
Stimulate central end of right hypogastric—contraction of bladder 
and of internal sphincter of anus. ; 
Stimulate right spinal branches —same effect. 
Stimulate ascending branches’. —doubtful effect. 


1 In these cases the peripheral end of the opposite hypogastric had less effect than 
usual on the internal sphincter; possibly section of the nerve on one side weakens the 
contractile power of the muscle. 
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Stimulate central end of right hypogastric —contraction of bladder 
and of internal sphincter. 

Cut colonic branches and the left hypogastric. 

Stimulate central end of right hypogastric —no effect. 


Question of trophic centre in the inferior mesenteric ganglion. 


If the trophic centre we are searching for, lay in the inferior mesenteric 
ganglion, section of all the nerves running from the spinal cord to the 
ganglion should leave the reflexes unaffected, supposing the change 
from afferent to efferent impulses to remain unaffected by the section. 
Four experiments (Series F) were made to decide this point. In three 
of these all the connections of the inferior mesenteric ganglion, except 
the mesenteric nerves and one hypogastric nerve, were severed; the 


other hypogastric being cut an inch or more from the ganglion, so that —— 


its central end could be stimulated later. Five days were allowed for 
the degeneration to proceed. In the fourth experiment, both hypo- 
gastrics were left intact, and on microscopic examination after death it 
was found that one small spinal branch running into the ganglion 
nearer the intestine than usual, had not been cut. 


SERIES 
Section of Spinal Branches of the Inferior Mesenteric Ganglion. (Oat.) 


No. 1. Branches to ganglion, and the right hypogastric cut 5 days previously. 
Give chloroform and A.c.z mixture, Stimulate with weak 
tetanising currents. 

Stimulate the central end of the right hypogastric—no effect upon 
the bladder, vas deferens, prostate vesicle, or internal sphincter 
of the anus. 

The left hypogastric was tied and cut. 

Stimulate the peripheral end of the left hypogastric—good contrac- 

tion of the bladder, of the vas deferens and prostate vesicle, 
and slight contraction of the internal sphincter. 


No. 2. Branches to ganglion, and the left hypogastric nerve, cut 5 days 
previously, Give chloroform and 4.c.£. mixture. Tetanising 
currents, weak to strong, tried. 

Stimulation of the central end of the left hypogastric had no effect 
on the bladder, uterus or internal sphincter of the anus. 

Stimulation of the central end of the colonic nerves gave no effect. 
The right hypogastric was tied and cut. 
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Stimulation of the peripheral end of the right hypogastric gave good 
contraction of the bladder, slow but complete pallor of the uterus, 
and slight contraction, both circular and longitudinal, and slight 
to moderate contraction of the internal sphincter of the anus. 

No. 3. Gave the same results in every point as No. 2. 


No. 4. Branches to ganglia severed (save one small anterior branch) 14 days 
previously. Give ether and morphia, double tie and cut right 
hypogastric, Tetanising shocks of varying strengths from weak 
to strong employed. 

Stimulation of central end of right hypogastric gave no trace of 
effect on the bladder ; there was usually no trace of effect on the 
internal sphincter of the anus, but occasionally a slight contrac- 
tion and pallor, which we could not definitely determine to be due 
‘to the rhythm. 

Stimulation of the peripheral end of the right hypogastric gave good 
contraction of the bladder, good to moderate contraction of the 
internal sphincter of the anus, but rather more slowly than 
normal, and gradually complete pallor of the mucous membrane 
of the end of the rectum. The effect on the internal sphincter 
soon ceased if the stimuli were repeated at brief intervals. — 

Stimulation of the peripheral end of the left hypogastric gave the 
same result. 


The experiments in this series show that when the nerve-strands 
between the spinal cord and the inferior mesenteric ganglion are 
severed, and time allowed for degeneration, stimulation of the central 
end of one hypogastric does not produce the customary reflexes. 

The absence of the reflex cannot, we think, be referred to a change 
in the nerve-cells of the ganglion, for the efferent fibres given off by the 
nerve-cells exert all their normal actions on the peripheral organs; they 
still are capable of causing contraction of the bladder, contraction of the ' 
internal sphincter of the anus, and so forth. 

Hence, we conclude, that the nerve-fibres which carry impulses 
to the inferior mesenteric ganglion and set up the reflexes 
cannot have their trophic centre in that ganglion. The 
abolition of the reflexes in the circumstances mentioned above, puts out 
of court another possible explanation. A cell in the ganglion of one 
side might conceivably send efferent fibres down both hypogastric 
nerves. On stimulation of the central end of one of these fibres, an 
impulse must, so far as our knowledge goes, pass up to the cell, and it 
might be ‘reflected’ down the other branch of the cell proceeding to 
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the opposite hypogastric. Thus a reflex might be obtained involving ; 
efferent ganglionic nerve-fibres only. But since these fibres remain 
intact after section of the nerves to the ganglion, the reflex, if pro- 
duced simply by efferent fibres from the ganglion, should persist; as 
it does not persist, we conclude that this passage down both hypogastric 
of fibres arising from one cell, whether it exists or not, will not account 
for the reflexes. 

The possibility that motor fibres only are involved in the production 
of the reflexes is, nevertheless, not disproved by this experiment, for the 
passage of the stimulus from one nerve to another might be moved 
farther up the motor arc. This point will be more —— 
considered in the next section. 


Question of trophic centre in the épitial cord or the 


spinal ganglia. 


If the contention be accepted, that the trophic centre we are seeking 
is neither at the periphery nor in the inferior mesenteric ganglion, it 
can only be in ganglia of the posterior roots of the spinal nerves or in 
the spinal cord. i 

In the one case we may suppose that a fibre of a posterior root 
passes through the inferior mesenteric ganglion to its peripheral distri- 
bution, and on its way branches in such a manner that whatever other 
connections exist, a branch runs. down one hypogastric and a branch 
runs to the opposite ganglion and makes connection physiologically with 
at least one nerve-cell there. On stimulating the central end of one 
hypogastric, the impulses would travel upwards towards the central 
nervous system, part—if we may use part in such relation—passing by 
the branch to the nerve-cell on the opposite side, and so giving rise to 
an efferent impulse passing down the opposite hypogastric. 

_ A branch of this kind is now, after Golgi and Cajal, called a 
collateral. They and others have shown that the afferent fibres of the 
posterior roots give off collaterals to several segments of the spinal cord. 
The method of producing the reflexes which we are now considering, 
demands, that a collateral shall be given off by the afferent fibre 
outside the spinal cord; that on stimulating the nerve peripherally, 
impulses shall travel down the collateral; and that these impulses shall 
be able to set up other impulses in a pathetic nerve-cell. 

Clearly, the result might be produced by several different anatomical 

arrangements; the nerve might continue on in the hypogastric of the 
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same side and send its collateral to the ganglion of the opposite side, or 
pass to the hypogastric of the opposite side and send its collateral to 
the ganglion of the same side, and there are other possible arrangements 
unnecessary to mention. 

In the other case, i.e. of the trophic centre being in the spinal cord, 
the fibres being fibres of the anterior roots, we have two courses open. 
| (a) We may make a similar set of suppositions to those required 
for the afferent fibres, and believe that the comparatively few motor 
fibres which are connected with cells peripherally of the inferior 
mesenteric ganglion* (cp. p. 420) are those —_ are concerned in 
bringing about the reflexes. 

(6) We may take it that such fibres are insufficient in n number, 
and that the motor fibre branches, one branch being connected with a 
cell on one side in the inferior mesenteric ganglion, the other branch 
being connected with a cell on the other. This view involves the 
assumption that an impulse can pass back through a cell into the motor 
fibre which runs to it, a view which does not seem a probable one, if, as 
Cajal’s researches suggest, the motor fibre is not anatomically con- 
tinuous with the cell, but ends near it in minute filaments. 

We have already said (p. 423) that stimulation of the spinal nerves 
on one side causes impulses to pass down both hypogastrics, It is 
equally true that each hypogastric sends afferent fibres to the spinal 
nerves of both sides; this is easily seen by noting the reflex move- 
ments which occur on stimulating one hypogastric, after section of the 
spinal rami to the inferior mesenteric ganglion on the same or on the 
opposite side. Each hypogastric receives more efferent and more 
afferent fibres from its own side than it does from the opposite side of 
the spinal cord. The facts have to be borne in mind, but they do not 
help in deciding whether afferent or efferent fibres are the main 
elements of the reflex. | | 
| We have attempted to bring matters to an issue by cutting, i in the 

spinal canal, the nerve-roots of those nerves which send fibres to the 
inferior mesenteric ganglion. The general result of investigation on the 
origin of the hypogastric fibres from the spinal cord, is that*such fibres 
are given off in the Iind to the Ivth or vth lumbar nerves iuclusive. 
Our own experiments had given us the same result as regards the great 


. 1 In this case we should obtain a reflex from any one of the branches of a nerve before 
it becomes connected with a nerve-cell, but should not expect to obtain it from the peri- 
pheral organs. Such reflexes can probably be produced in the spinal cord from —e 
usually classed as sensory fibres, e.g. those of the pyramidal tract. 
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majority of the fibres. Thus it appeared that it would be sufficient for 
our purpose if we severed the first five lumbar roots on both sides’. 

_ Seetion of the nerve-roots will of course bring in its train degenera- 
tion of the peripheral ends of all anterior root fibres; in the case of 
visceral fibres, this degeneration will extend to the nerve-cells with 
_ which the fibres are connected; the peripheral portions of the posterior 
root fibres will on the other hand remain intact. If, then, the roots of 
the first five lumbar nerves are cut, and time is left for degeneration, 
the inferior mesenteric ganglion and its branches, including both hypo- 
gastrics, will contain their normal contingent of afferent fibres, but 
should contain little, if any, of their normal contingent ‘of efferent spinal 
fibres. Hence, if the reflexes are absent, there is primd facie evidence 
that the normal reflexes are produced in motor fibres; if, on the other 
hand, they are still distinct, there is primd facie evidence that the 
normal reflexes are produced in sensory fibres. There seemed then to 
be no difficulty in settling the question, and we were disagreeably 
surprised at obtaining diametrically opposite results in the first two 
experiments, 


Serizs G, 
Section of the Roots of the Spinal Nerves*. (Cat.) 

No. 1. Give ether. Cut 1 to v lumbar nerves inclusive on both sides 
between dura mater and ganglion of posterior root. One cc. of 
morphia acetate injected subcutaneously. Next day cat purrs 
on being stroked, neither then nor later shows any sign of pain 
from the wound, which heals well. : 3 

Ten days later, ether again given. Double tie and cut right hypo- 
gastric about # inch from inferior mesenteric ganglion. Teta- 
nising current used, is felt distinctly, but not strongly, on the tip 
of the tongue. 

Stimulate central end of hypogastric—no effect seen on bladder, 

there is some contraction of anus, viewed externally, but con- 


1 Section of the nerve-roots on one side is of course insufficient, since the nerve- 
roots of the opposite side supply both hypogastrics. We may mention, however, that 
owing to the kindness of Dr Sherrington we have made observations on two cats in 
which the first five lumbar roots were cut on one side only. The nerves had been cut by 
Dr Sherrington for the purpose of determining the sensory nerves of muscle, and we 
took the opportunity, when the animals were anesthetized previously to being killed, of 
stimulating the central end of the hypogastric on the operated side. In both cases, the 
usual reflexes from the inferior mesenteric ganglion were produced. 

2 The operation causes more or less complete paralysis of the bladder. The bladder 
was emptied twice a day by compressing it through the abdominal walls. 
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traction is of external sphincter, and due apparently to a reflex 
from the exposed viscera. The least touch on the skin near 
the anus causes a vigorous contraction of the external sphincter. 
Stimulate central end of hypogastric, the external sphincter being 
held open with forceps—no effect could be seen on the bladder, 
on the internal sphincter of the anus, or on the uterus. The 
stimulation was repeated many times; there was no effect 
except when the nerve was stimulated close to its ganglion. 


Stimulate the peripheral end of the right hypogastric—good con- - 


traction of the bladder, moderate contraction of the internal 
sphincter of the anus, slow but complete pallor of the body of 
the uterus on the same side. 


The operation was the same as that of No. 1 except that one more 
nerve was cut on each side, viz. the vith lumbar. 


: Fourteen days later the anima! was anzsthetized. 


Stimulate the central end of the right hypogastric—decided contrac- 
tion of the internal sphincter of the anus, and slight contraction 
of the bladder, chiefly near the ureter of the opposite side. 
The nerve was stimulated nearly an inch from the ganglion, 
and was well isolated. 

Stimulate the obvious spinal branches successively—no effect. 

Stimulate the ascending branch—contraction of the bladder and of 
the internal sphincter. (The nerve on microscopical examina- 
tion was found to contain an undegenerated spinal branch.) 

Stimulate the peripheral end of each hypogastric—normal effects. 
On dissection it was found that the 1st lumbar vertebra had a 
small rib attached to it, as there were 13 ribs above this, and 
only 6 lumbar vertebre below, we call this the lst lumbar 
vertebra and not the 14th thoracic. The lumbar and sacral 
nerves were of the posterior type. 


We see that after degeneration of the motor fibres of the first five 
lumbar nerves, the reflexes in one case could not be observed, whilst in 
the other they were distinct. In the latter case it might be supposed 
that one of the spinal nerves was not completely severed ; which would 
of course account for the persistence of the reflex. There cannot, 
however, be the least trace of doubt on this head; after section of the 
nerves, a curved instrument was placed under the upper end of the cord 
and so that it passed round the cord, projecting on both sides above the 
level of the spinal canal, this was drawn down to the lowermost level of 
the exposed cord. Moreover the dissection after the animal was killed 
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was quite decisive, We consider it perfectly certain that after degene- 
ration of the motor fibres of the Ist to the vith lumbar nerves inclusive, 
the hypogastric reflexes may still occur. 

_ The debatable ground is so far narrowed that either the lower part 
of the thoracic spinal cord gives motor fibres to the hypogastrics, or the 
reflexes are produced by sensory spinal fibres of the lumbar nerves. ss 

Having this in view, we made one other experiment, cutting the 
_ xutth and xitth thoracic nerves as well as the upper lumbar nerves. 
If after degeneration of the motor fibres in these nerves, the hypogastric 
reflexes were still obvious, we might fairly conclude that — were 3 due 
to the stimulation of sensory fibres, 
We give the abstract of this experiment. 


: No. 3. Ether given. The manner of conducting the operation was varied: the 

7 dura mater was cut open longitudinally, the cord cut through just 

j above the nerve-roots of the xi1th thoracic and removed down to 
the level of the upper part of the 5th lumbar vertebra; this 
involves severance of the roots of the x1th thoracic to the 
vth lumbar inclusive, and probably of some roots of the lower 
lumbar nerves. The dura mater was left in the spinal canal. 
Next day the animal took milk readily and purred on being 
stroked. In a day or two there was some recovery of the anal 
reflex, this was the only reflex observed from the remaining 
lower portion of the spinal cord. | 

After six days, anesthetics were again given, the right hypogastric 
was double tied and cut between the knots. 

Stimulation of the central end of the hypogastric gave no effect on 
the bladder nor any obvious effect on the internal sphincter of the 
anus; this however was in a state of rhythmic contraction which 
_ made observation of slight effects difficult. 

Stimulation of the peripheral end of the right hypogastric, and of 
the left uncut hypogastric, gave prompt and marked contraction 
both of bladder and internal sphincter. | 

Stimulation of the various spinal and of the ascending branches to 
the inferior mesenteric ganglion gave no obvious effect, but the 
observation of slight effects was interfered with by the spontaneous 

contraction of both bladder and sphincter. 

a _ Stimulation of the trunk of the sympathetic between the 5th and 

6th lumbar ganglia gave no effect on the hairs of the tail, on the 

anus, penis or scrotum; it caused erection of hairs in a small 
patch on the back apparently in the si a of the 5th and 4th 
lumbar ganglia, 
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Stimulation of the cut spinal nerves outside the dura mater, had no 
effect on the pelvic viscera. 

Here as in experiment No. 1 no distinct reflexes could be obtained. 
Taking all the results into consideration we conclude that the reflexes 
involve motor fibres only. The reasons which weigh with us 
against the supposition that spinal sensory fibres are involved are, 

a. The reflexes were absent in the two experiments No. 1 and 
_ No. 8, Series G, although the sensory fibres were intact. It is of course 
just possible this was due to individual variation, the ganglia or the 
peripheral structures being less responsive than usual; but this seems 
to us highly improbable, as we have never found the reflexes to be 
absent in the normal animal—the peripheral structures being directly 
observed as they were in these experiments. 7 

b. Stimulation of the posterior roots of the lumbar nerves has no 
effect on the pelvic viscera. Similarly in Exp. 2 and 3 stimulation of 
the obvious spinal branches containing sensory but no motor fibres was 
without effect. If the normal reflexes were due to spinal sensory fibres, 
it would mean that stimulation of a sensory fibre peripherally of its 
collaterals gives rise to an effective impulse down the collateral, whilst 
stimulation of the fibre centrally of the collateral does not do so. This 
is inconsistent with the universally accepted view that a nervous | 
impulse travels in a nerve-fibre equally well in either direction. 

There is some proof of the presence of motor fibres from the lower 
thoracic nerves in Exp. No. 2. The obvious spinal branches to the 
ganglion were ineffective, whilst the ascending branch—the one which 
would be most likely to receive fibres from the thoracic nerves—gave 
peripheral effects, and was found on subsequent microscopical examina- 
tion to contain an intact spinal branch. 

For some time past we have made observations on the origin of the 
nerves which run to the pelvic viscera; we shall give an account of 
these in a later paper—we must confess that we have not so far obtained 
decisive effects on the bladder or internal sphincter of the anus by 
stimulating the x1th thoracic nerve, but we have sometimes observed 
slight effects which appeared to be due to the stimulation. 

On the whole we think the balance of evidence is distinctly in 
favour of the view we put forward, viz. that the reflexes obtained on 
stimulating the central end of the hypogastric are due to nervous 
impulses which pass up motor fibres, and spread to the branches which 
they give off to the ganglia of the opposite side, and so down the 
opposite hypogastric nerve. 
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REFLEX ACTION OF THE GANGLIA OF THE SYMPATHETIC TRUNK. 


The reflexes we have so far considered have been almost entirely 
reflexes from one side of the body to the other. In the thoracic and 
lumbar regions of the sympathetic trunk no connection exists between 
the ganglion of the two sides; so that in investigating these regions we 
can only obtain uncrossed reflexes. For some reflexes this fact is 
prejudicial to the investigation, for in cutting a nerve in order to 
stimulate its central end, we may cut the motor fibres to the region in 
which the reflex should be most manifest. But this does not apply in 
all cases. Thus if in the lower lumbar region there are fibres capable 
of producing a reflex in ganglia higher up, there should be no difficulty 
in determining their presence by observing the hairs which receive 
pilo-motor fibres from these ganglia. 

No pilo-motor fibres issue from the spinal cord in the 5th lumbar 
or any lower lumbar nerve’. If then the sympathetic be stimulated 
below the 5th lumbar ganglion, and this causes an erection of the hairs 
in regions supplied by ganglia above the point stimulated, the effect 
cannot be due to a stimulation of fibres which have joined the sympa- 
thetic below and are running upwards. 

Now when the sympathetic trunk is cut just above the 7th lumbar 
ganglion, and the nerve is stimulated just above the cut, i.e. below the 
6th lumbar ganylion, an erection of hairs takes place, as a rule, in the 
areas supplied by the 5th, 4th and 3rd lumbar ganglia, and sometimes 
in that supplied by the 2nd lumbar ganglion. 

The number of hairs affected, and the extent of their movement 
is—broadly speaking—less, the higher the area. 7 

This pilo-motor effect, as we have seen, cannot be due to ascending 
efferent pilo-motor fibres from the spinal cord. Nor is it due to fibres 
proceeding from the cells of the 7th lumbar ganglion; for the 
peripheral effect of such fibres would be uninfluenced by nicotin, 
whereas the fibres in question, by intra-vascular injection of 20 milli- 
grams of nicotin, are rendered completely ineffective. Hence, the 
movement of the hairs takes place in consequence of nervous impulses 
passing centripetally along nerve-fibres and affecting nerve-cells. An 
action brought about in this way we may fairly speak of as a reflex 
action. 

We give two experiments to illustrate the: method employed, and to 
show some further results. 


1 Cp. Langley. This Journal, xv. 176. 1893. 
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Series H. 
Pilo- Motor Reflex from Ganglia of Sympathetic Trunk. 


t+ these experiments the hairs are cut short, and the region affected e 
each stimulation is marked by painting the upper and lower limits; towards 
the end of the experiment, the area supplied by each ganglion is dateraioed. 
In order to make the account more easily intelligible we must assume that 
these areas are known at the beginning of an experiment. For brevity, the 
area of the skin supplied with pilo-motor fibres from the grey ramus of the 
5th lumbar ganglion will be spoken of as the 5th area, and so with the 


others. 


No. 1. Cat. Chloroform. a.¢.. Cord removed from x1tth thoracic down- 
wards. Sympathetic exposed on the right side. _ 

Tie sympathetic just above 7th lumbar ganglion, cut below 

ligature. 

Stimulate below 6th L.¢.—Strong movement of hairs in 5th area ; 
rather weak and only near mid-line in 4th area; still weaker and 
nearer mid-line in 3rd area. With shocks not felt on tongue, the 
hairs move in 5th area only. 

Tie and cut just above 6th lumbar ganglion. . 

Stimulate below 5th L.¢.—Strong erection of hairs in 5th area, 
slightly less strong in 4th area, slight in — half of 3rd and 
2nd areas. 

Tie and cut just above 5th lumbar ganglion. 

Stimulate below 4th 1.a.—Moderate effect in 4th area, weak in — 
3rd and 2nd areas. 

Stimulate below 5th L.a.—Hairs erect in 5th area only. 

Tie and cut just above 4th lumbar ganglion. 

Stimulate below 3rd L.a¢.—Moderate effect in 3rd, 2nd and Ist 
areas, most near mid-line, slight in parts of 13th thoracic area ; 

ee requires rather strong stimulus. 
_ Stimulate below 4th t.g.—Hairs erect in 4th area only. 
Tie and cut below 3rd lumbar ganglion. 

Stimulate below 2nd t.¢.—Good in 2nd, Ist and 13th areas, and 
trace in 12th area. 

Stimulate 1st lumbar spinal nerve in canal on n left side.— Hairs erect 
in areas lst lumbar to 2nd or 3rd sacral inclusive, very slight 
in last sacral area (over root of tail), strongest in 3rd, 4th, 5th 
lumbar areas. 

No. 2. The results of the part of this experiment which was conducted in 
the same manner as the preceding we may summarize thus 
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Part of Symp. Lumbar ganglia, areas of 
stimulated. which were affected. 
Below 7 7 
Below 6 
Below 5 
Below 4. 
Below 3 
Below 2 eee 
In areas, the number of which is in italics, the movement of the 
hairs was very slight. The grey ramus of the 6th lumbar ganglion, 
as usual, had no pilo-motor area. 
20 milligrams of nicotin were then injected into the jugular. 
Stimulate below 2nd lumbar ganglion — no effect. 


» ganglion itself — hairs erect in 2nd area. 
below 3rd — no effect. 
ganglion itself — hairs erect in 3rd area. . 
ss below 4th L.G. _ — hairs erect in 4th area’. 
” ganglion itself ” 

ee below 5th 1.4. — no effect, 
» ganglion itself — hairs erect in 5th area. 
» below 6th La. — no effect. 
pe ganglion itself — no effect. 
at below 7th 1.4. — no effect. 
» ganglion itself — hairs erect in 7th area. 


It will be noticed in these two experiments that the number of 
ganglia brought into action by stimulating a given point of the 
sympathetic is not always the same. We have found other variations, 
either more or fewer ganglia being involved, but the consideration of 
_ these variations is unnecessary for our present purpose. It is perhaps 
worth while to point out that in an accurate determination of the 
ganglia involved, the white rami communicantes must be cut, since 
these, in the lumbar region, commonly carry some fibres from one 
ganglion to the area of the immediately anterior ganglion. We have 
not found that the presence of the spinal cord influences the results, 
except in so far as a reflex movement of the body will probably occur on 
stimulating the sympathetic. 

Above we have shown those actions to be reflex actions, which occur 
on stimulating the anterior end of the sympathetic, in the region where 
the sympathetic receives no pilo-motor fibres from the adjacent spinal 
nerves. The lumbar sympathetic from the Ist to the 5th or 6th lumbar 


1 The effect was absent in the other similar experiments. 
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ganglia does receive pilo-motor fibres from the adjoining nerves, but 
since all these fibres descend the sympathetic, the argument used 
above is applicable also to show that reflex actions are obtained from 
the upper lumbar sympathetic. They cannot be due to stimulation of 
_ fibres arising from the cord lower down and ascending the sympathetic, 
_ and they are abolished by nicotin. 

We conclude then that on stimulating any point of the 
lumbar sympathetic a reflex action is produced involving 
two to four of the ganglia immediately anterior to the point 
stimulated. 

We cannot at present give decisive evidence as to the way in which 
these reflexes are produced, but we are inclined to believe that each 
efferent spinal fibre of the sympathetic trunk sends branches and 
_ supplies several (approximately four) sympathetic ganglia, and that 
stimulation of the fibre in any part of its course will cause an impulse 
to pass to each of the ganglia with which it is connected. In fact, 
we think that these reflexes, like the hypogastric reflexes, involve 
motor fibres only. 

We have evidence of other similar artiiba but the account of these 
we defer, until we are able to give a more conclusive statement as to 
the method of production of the pilo-motor reflexes. 


SUMMARY. 


There is as yet no satisfactory evidence to disprove the view that 
the secretion of saliva obtained on stimulating the central end of the 
lingual after section of the chordo-lingual nerve is due to recurrent 
chorda tympani fibres. 

We confirm, in a number of ways, the account given by Sokownin 
and others, viz. that after section of the nervous connections of the 
inferior mesenteric ganglion, other than the hypogastric nerves, a 
contraction of the bladder is obtained by stimulating the central end of 
one hypogastric, the efferent impulses passing down the opposite 
hypogastric. 

This action is not due to recurrent fibres from the sacral nerves, for 
after the nerves to one side of the bladder are cut, stimulation on the 
same side, of the sacral nerves in the spinal canal or of the nervus 
erigens does not cause contraction. Nor is it due to recurrent fibres 
from the lumbar nerves. For after cutting the spinal branches of the 
inferior mesenteric ganglion and cutting on one side the nerves to the 
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bladder, stimulation of the lumbar nerves on that side has no effect on 
the bladder. 

Stimulation of the central end of one hypogastric causes, in addition. 
to contraction of the bladder, contraction of the internal sphincter of 
the anus, pallor of the mucous membrane of the rectum, slight pallor of 
the cornu and body of the uterus on the opposite side (or of the vas 
deferens and prostate vesicle), and, rarely, slight contraction of the 
opposite cornu of the uterus, and of the vagina. All of these actions 
are temporarily annulled by injecting 10 to 20 milligrams of nicotin 
into a vein; in this case the impulses set up in the central end of 
the hypogastric are blocked in the inferior mesenteric ganglion, for 
nicotin does not annul the effects of stimulating the peripheral ends of 
the hypogastrics. 

Thus the impulses passing up one hypogastric, traverse nerve-cells 
in the inferior mesenteric ganglion, before they can reach the opposite 
hypogastric. We may then properly call the various actions we have 
described, reflex actions. In the further inquiry we assume that the 
nerve-fibres have one trophic .centre—a nerve-cell—and one only. 
_ When one hypogastric nerve is cut, and time left for degeneration of 
nerve-fibres, the reflexes can still be obtained from the central end 
of the nerve, so that reflexes cannot be due. to fibres proceeding from — 
nerve-cells on the peripheral course of the hypogastrics. 

When the spinal branches to the inferior mesenteric ganglion are 
cut, and time left for degeneration, the central end of the hypogastric 
gives no reflexes, the peripheral ends of the hypogastric give their 
customary effects; thus the normal reflexes cannot be due to nerve-cells 
in the ganglion sending out two sets of fibres, one passing down one 
hypogastric, and the other down the other hypogastric; further, the 
nerve-fibres in the central end of the hypogastric which subserve the 
reflexes must have their trophic centre, ie. be connected with nerve 
cells, eitlier in the ganglion of the posterior root or in the spinal cord. 

When the Ist to the vth lumbar nerves on both sides are cut 
centrally of the posterior root ganglion, and time is left for degeneration, 
the hypogastric reflexes may be abolished or may persist. We are 
inclined to think that the persistence, when it occurs, is due to some 
motor fibres running from the lower thoracic spinal nerves to the 
inferior mesenteric ganglion, and accordingly that the reflexes are due to 
the stimulation in the hypogastric of the central ends of motor fibres, 
which in the inferior mesenteric ganglion give a branch to the nerve- 
cells of the opposite hypogastric. 
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Reflexes can also be obtained from the trunk of the sympathetic. — 
When any part of the lumbar sympathetic chain is stimulated, erection 
of hairs occurs in the areas supplied by two to four ganglia above the 
point stimulated. This is not due to fibres coming from the spinal 
cord and ascending in the sympathetic, for in the lumbar region there 
are no such ascending fibres. It is not due to fibres proceeding from 
ganglia below the point stimulated, for nicotin abolishes the action, and 
does not abolish the pilo-motor action of the grey rami of the ganglia. 
We think it probable that the reflexes are due to the stimulation of 
spinal motor fibres connected with several ganglia, the impulses ascend- 
ing the fibres and passing to their several branches. But on this point, 
as on the corresponding point in connection with the hypogastric reflexes, 
we think further experiments desirable. 

For convenience we have spoken of the various actions we have 
described as reflexes. If our tentative view, that they are produced. 
by motor nerves, is correct, it 1s clear that the term reflex is used in an 
unusual sense. For the present, we prefer straining the nomenclature 
to introducing a new term. 
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ON THE ROLE OF ACID IN PROTOZOAN DIGES. 
TION. By M. GREENWOOD, Girton College, anv E. R. 
SAUNDERS, Lecturer of Newnham College, Cambridge. Plate 
xy. 


AMONG papers produced by workers at the Institut Pasteur during the 
years 1890 and 1891 two papers occur, written by M. Félix le Dantec 
and entitled, “Recherches sur la digestion intracellulaire chez les 
Protozoaires.” The results embodied in them have especial interest, — 
inasmuch as they spring from detailed, serial experiments dealing with 
the question of the existence of acid in Protozoan vacuoles. The 
possibility that the substance of animal cells may give rise within itself 
to accumulations of acid fluid, even when these cells are not highly - 
differentiated, has been considered indeed by many earlier writers, and 
their statements have gained a degree of familiarity by repetition. 
But if we except a paper by M. Metchnikoff', which contains a discussion 
of the reaction of plasmodia to ingested litmus, we find that the records 
which bear on this question are often incidental and unsupported by 
the details of experiment. Among these the following statement made 
by De Bary’, and now almost classical, must be placed,—“ As to the 
changes which ingested bodies may undergo in the interior of a plasmo- 
dium, this one observation is established, that, in the case of Didymiwm 
serpula, carmine is dissolved.” No detailed account of the observation 
is given nor is there any attempt to harmonize it with the statement 
which succeeds immediately, that carmine is ingested rarely and never 
dissolved by the nearly allied Didymium libertianum. It seems clear 
that De Bary is concerned rather with the fact that solid bodies are 
ingested by the Mycetozoa than with the intracellular surroundings 
of ingesta, | 
1 EB. Metchnikoff, Annales de U'Inst, Past. 1889, p. 25. 
E.de Bary. Pilze, Mycet. und Bact, p. 487. 


: 
4 
Ag 
oa 
i 
4 
4 
4 
ag 
¥ 


442 M. GREENWOOD AND R. SAUNDERS. 


Again, Engelmann’ in his article Flimmer und Protoplasma- 
bewegung makes a statement which at first sight seems of opposite 
import to that just quoted from De Bary’s writings;—the familiar 
statement that particles of litmus change from blue to red within the 
cell substance of certain species of Stylonychia, Paramecium and 
Ameeba, the red colour persisting. Engelmann evidently looks on 
the change of tint as important mainly because of the relation which it 
bears to the reaction of protoplasm ; later writers, however, have been 
unanimous in interpreting the observation as indicative of wax secretion 
of acid fluid. ieee 

Since the days when De Bary and Engelmann wrote, shai tellona 
have been made by one of us on the digestive process in Amosba and 
Actinospherium. These observations sought to establish the constant 
association of a fluid medium with the manifestation of proteolytic 
activity in Protozoa, and secondarily, the reaction of this medium. In 
emphasizing the high importance of fluid in primitive digestion the 
work differed from the earlier records to which reference has been 
made ; it differed too in that all attempts to prove the presence of acid 
or alkali in the digestive vacuoles failed—the reagents employed gave 
only negative results. By the light of later experiments it seems clear 
that this failure is attributable to faulty method and lack of delicacy in 
the “acid indicator” used, for it may be gathered that the same 
difficulty occurred and was overcome in the experiments of le Dantec’®. 
His'work (forming part of a literature which has sprung in great measure 
from the suggestive writings and teaching of Metchnikoff) must be 
separated on account of its plenitude of experimental detail from any 
yet named. 

___ In point of time, however, this work was preceded by the paper in 
which Metchnikoff describes the ingestion of blue grains of powdered 
litmus by different species of plasmodia and subsequent change of the 
_ blue colour to red, pointing out that, as the substance of the plasmodia 
is clearly alkaline, this change indicates the secretion of an acid fluid. 
He records a comparable result with certain of the larval phagocytes in 
the tail of Triton teniatus, and, noting that in the same cell a reddened 
grain of litmus may coexist with a vacuole in which blue grains lie, he 
draws the inference that the acid secretion may be localized even in the 


1 Th. W. Engelmann. Handb. d. Phys. Bd. 1. p. 349. 
2 Félix le Dantec. ‘Recherches sur la digestion intracellulaire chez les Proto- 
zoaires,” 1° et 2° parties, Annales de l'Inst. Past. 1890, 1891. 
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relatively small mass of a single wandering cell. In two papers by 
Pfeffer’, published in 1891, we meet again with the plasmodia of 
Mycetozoa used in experiments made on ingestion and absorption, and 
we find it stated that Congo red is placed after enclosure in vacuoles 
‘which are red, or at most bluish in tint,’ in other words, neutral or 
slightly acid. Litmus too, when a vacuole surrounds it, indicates a like 
reaction. The ingestion of alizarin is mentioned but not described : 
indeed Pfeffer is concerned throughout rather with the effect of 
changed environment on certain functions of the cell than with the 
normal course of digestion, so that his notice of the normal formation of 
is, perhaps naturally, incidental. 

In le Dantec’s work, as we have said, there is a distinct advance in 
the methods of observation; he aims at the preliminary establishment 
of a neutral reaction by the careful addition of acid to alkaline ditch- 
water and by the use of especially sensitive litmus, and, these precautions 
being taken, he describes a change from blue to red litmus in the 
substance of such forms as Stentor, Paramecium, Amphileptus and 
Leucophrys. No evidence of change is forthcoming,’ however, in the 
case of any peritrichous infusorian, and le Dantec regarding this nega- 


- tive result as due (possibly) to some lesion inflicted on these animals by 


litmus, repeats and extends his observations with a reagent rarely used 
in such experiments before,—alizarin sulphate. A minute description 
of the characters of this body is given in the first of le Dantec’s 
papers ; here it may suffice to say that the solution in distilled water is 
a brown orange, changing to yellow in the presence of most acids, organic 
and inorganic, and to red-orange, red, rose-pink and violet successively 
in the presence of alkalis or alkaline salts. When the pure aqueous 
solution is mixed with ditch-water, a flocculent rose-coloured precipitate 
falls immediately ; after a variable time, and especially on exposure to 
the air, the rose colour changes to violet, and in “hard water” acicular 
crystals may form,—apparently by some combination of the alizarin 
sulphate with lime. It is clear that with the exception of the extreme 
- colours any tint of this series may be produced from one other by the 
addition of acid or alkali; the substance is chiefly of value then, when, 
in any experiment, its initial as well as its final condition is known. 
Notwithstanding this limitation, however, its value is considerable, as the 


passage from one tint to the next is readily appreciable under the 
microscope. 


''W. Pfeffer. Abh. d. math.-phys. Cl. d, k.k. Gesellsch. der Wiss. 1891. 
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The results obtained by le Dantec with alizarin sulphate confirm 
and extend those which spring from his experiments on the ingestion of 
litmus; they may be summarized briefly thus : 

(1) There is always secretion of acid into the vacuoles which 
amcebee form round ingested particles. 

(2) Among Infusoria the detection of acid is coextensive with 
observation,—ingesta of all kinds are bathed with an acid fluid; and 
though the vigour of the secretion varies in different forms, it is 
sufficiently pronounced in all cases to neutralize the alkalinity of any 
water taken in during ingestion and to leave free acid i in the digestive 
vacuole. 

The Infusoria observed include Carchesium, Epistylis, different species 
of Vorticella, of Paramcecium and of Stentor; it is clear then that the 
conclusions just formulated have no inconsiderable experimental basis. 
And it was not in doubt of the security of this basis that we made the 
series of observations discussed in the following pages: they are, it is 
true, in part a repetition of le Dantec’s work, but they also go further 
along certain lines. For while Metchnikoff and le Dantec are alike 
in emphasizing the intracellular secretion of acid fluid by relatively 
undifferentiated protoplasm, neither of them deals at any length with 
the part played by this acid in the solution of nutritive material as tt is 
carried out within the cell ; the point which we, on the other hand, were 
most anxious to examine is the transformation undergone by acid 
indicators as associated with successive phases of the digestive process. 


The experiments we have made may be divided into two main 
groups according as the living cells used differ in habit, and thus 
necessitate slight variations in the method of experimental procedure. 
In the one group we made use of Carchesiwm polypinum, with other 
colonial Vorticellide (Hpistylis anastatica, Emstylis plicatilis); the 
other group of experiments deals almost entirely with the plasmodial 
forms of certain Mycetozoa which from a physiological point of view 
may be regarded as near allies of Amba, And it is evident that 
while immersion in solution (as of methylene blue, of Congo red, of 
litmus) is a mode of treatment applicable to both these animals, the 
relatively large solid food masses with which a plasmodium can cope are 
unsuited for the ingestive capacity of Carchesium, and that conversely, 
very finely divided matter gathered so readily into the gullet of all 
Vorticellide is unsuitable for ingestion by a mycetozoon. In fact, we 
used milk, and the coagulation precipitate from dilute white of egg for 


uf 
al 
> 
af 
7 
= 
: 
‘a 
a 
a 
ty 
‘ 
q 


ACID IN PROTOZOAN DIGESTION. 445 


Carchesium ; and as nutritive ingesta for the plasmodia, sclerotium cells 
of the same or different species (fig. 1, a), and the complex aleurone 
grains of Ricinius communis (fig. 1, b,c). The striking physical events 
which mark the progress of ingesta through the substance of Carchesium 
have recently been described at some length, and the facts of mycetozoan 
digestion while they harmonize in many ways with the facts of digestion 
as established for Amceba, hardly go beyond them; we wish, then, to 
give here no more than such a summary of existing knowledge on these 
points as will make intelligible a subsequent discussion upon the exist- 
ence and action of acid in Protozoan digestion. 

In Carchesiwm polypinum ingestion is indiscriminate if the solid 
matter dealt with is sufficiently minute; thus the larger fatty globules 
of milk are rejected and the rigid acicular “lime crystals” of alizarin 
sulphate are usually swallowed in fragments. When a vacuole of 
- ingestion, discharged internally from the cesophageal sac, has come 
to rest at-some point along the concavity of the nucleus, its scattered ~ 
solid contents undergo more or less obvious aggregation, in other words 
they are clustered centrally in the vacuole, by the sudden retraction of 
some permeating viscous matter secreted by the surrounding protoplasm. 
Thus one solid mass replaces the scattered particles of the moment of 
ingestion, and as the shrinking, initiated so suddenly, persists for some 
seconds the opacity of the solid increases. During this persistent 
shrinking there is fairly constant locomotion of the digestive vacuole 
and slight increase of its fluid contents, but later, ingesta pass into the 
stage of storage by loss of all obvious surrounding fluid. At times the 
accumulation of such stored masses is considerable,—100 non-vacuolate 
shrunken ingesta may lie at one moment within the substance of 
Carchesium ; at other times solution follows quickly on aggregation. 
Whether the onset of this process be speedy or delayed, however, two 
characteristics are its constant accompaniments; reformation of fluid 
and change in the optical characters of the ingesta. Each food mass 
comes to have a marked fluid investment, and under the attack of this 
secretion, coagulated and uncoagulated proteids are dissolved; the 
_ingesta constantly show increase of transparency, generally becoming 
diminished in size,—swelling sometimes. But the nexus which brought 
together the scattered particles of a vacuole of ingestion in aggregation, 
however it may have changed, is still potent to perpetuate the union, 
and there is no disintegration of the less digestible parts of ingesta 
though the vacuoles which surround them become even more marked as 


digestion proceeds. 
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Egesta are expelled from a ridge running across the pharynx at 
about the middle third of its length. 


It is well known that among the Mycetozoa there are certain forms 
which come to the surface of the substratum in which they live only to 
form sporangia, while in other cases the plasmodial stage may be 
prolonged for weeks by special treatment—often, for example, by 
submersion in water. Again, particles of lime abound in many species 
during this phase of their life history. It was needful in our experi- 
_ ments to make use of forms which are characterized by the possession of 
relatively stable plasmodia and which at the same time can be induced 
to rid themselves of the somewhat opaque lime granules by the forma- 
tion of incipient sclerotia. We chose Badhamia panicea, Lamproderma 
scinti!lans, Didymium microcarpon' and other species of these genera, 
and of Chondrioderma, and observed small fragments of plasmodia 
allowed to creep in a drop of water suspended from the roof of a moist 
chamber. 

These plasmodia (for the sake of brevity we indicate by the name 
any separated fragment) ingest indiscriminately if the solid matter 
offered is sufficiently bulky, but the exact limits which define the size 
of the most welcome solids are not easy to fix. Thus, we have seen 
60 sclerotium cells (fig. 1, a) enclosed by a single act, and we have 
followed isolated yeast cells as they move in the stream of moving cell 
substance; the largest solid open to the attack of a plasmodijal fragment, 
however, may naturally be expected to increase with the size of the 
fragment in question, and on the other hand very small foreign bodies 
are often localized and traced with difficulty in the moving endoplasm. 

In most of the existing records of Protozoan digestion there are 
indications that the process shows a certain irregularity in its onset and 
progress; it is not easy to foretell the immediate fate of ingested matter 
though of its ultimate fate there may be little doubt. And in no 
animals that we have watched is this irregularity so striking as in the 
Mycetozoa, where the substance of the plasmodium responds with 
apparently capricious variability to ingestion stimuli which are alike as 
far as an observer can judge. There may in fact be marked inhibition 
of digestive activity even after free ingestion; in this case the plas- 
modium bears a load of food material indistinguishable optically from 
that which has not been enclosed ;—or again, nutrient matter ingested 


1 In the identification of the species of Se 
Lister for much kind aid. 
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by the advancing anterior end of a plasmodium. may be actually dis- 
charged after very imperfect digestion and left behind in the character- 
istic mucous trail. Such variations when they occur, mask the succession 
of definite stages in the digestive cycle; but they are only occasional, 
and the vigorous solution of solid matter which often proceeds in 
plasmodia gives data for evaluating the fundamental features of a 
delayed or distorted action. The brief description which follows is 
applicable to forms-which manifest energetic digestion; taking it as 
typical we will emphasize later the important variations which may 
Ingestion was induced experimentally by placing suitable fragments 
of solid matter between two plasmodia which fused, enclosing them, by 
introducing food between a detached plasmodium and the coverslip on 
which it was destined to creep, or, by simply establishing contact with 
the edge of a plasmodium. It is clear that the conditions of ingestion 
generally imply opacity, and as a rule, where movement begins after the 
disturbance attendant on experimental feeding, the ingesta are, for the 
most part, non-vacuolate ;—they lie in contact with the cell substance. 
The details of the process by which they have become intracellular can 
only be inferred from those rarer observations of what may be termed 
“natural” feeding in which a thin sheet of plasmodial substance is 
watched as it attacks adjacent monads or groups of bacteria. In such 
cases the sequence of events recalls the analogous process in Amoeba ; 
-film-like pseudopodia meet around, and then above and below an 
outlying solid, and enclose it. The fluid enclosed synchronously varies 
within wide limits; active monads or groups of Spirillum are often 
placed in marked vacuoles of ingestion, but such is the mobility of the 
plasmodial cell substance that inert matter when it is all massive is 
usually invested very closely. And the fact, stated above, that ingesta 
when first seen after “experimental” feeding are non-vacuolate, is 
probably to be explained by the immotility and —e large bulk of - 
artificially administered food masses. 

We have looked carefully in the *oeshcian for the aggregation 
which is so constant a sequel to ingestion in Carchesium'. But the 
comparative opacity of plasmodia, their fashion of ingesting and (often) 
the characters of their food make it especially difficult to determine 
that there is or is not at one point secretion of colourless viscid matter. 
We notice however that when carmine grains and nutritive ingesta 
coexist in vacuoles they cohere throughout digestion (as is the case in 

1 Proc. Roy. Soc. Vol. trv. p. 468. | 
PH. XVL. 29 
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Ameba), and that a vacuole of ingestion filled with moving bacteria 
shows them as a central cluster when they are stilled (fig. 7, b, b,). 
It seems probable that these appearances do indicate the binding action 
of retractile matter within a digestive vacuole, its deposition being less 
definitely localized in time than is the corresponding secretion in 
Carchesium. We have spoken above of potential lethargy in the 
initiation of actual digestion as characteristic of the Mycetozoa in a 
marked degree; and it may be that in this lethargy the process of 
aggregation is involved. At any rate a clearer conception of the possi- 
bilities of delay here is gained by study of a curious separation and 
distribution of large masses of inert food which occurs immediately after 
ingestion. When a cluster of recently enclosed aleurone grains (cp. 
fig. 1, b, c) or sclerotium cells is watched, one cell or grain and then 
another is seen to tarry, parted from the main mass, and finally to be 
hurried away, it may be along some other strand of the plasmodial 
network. There is no such immediate scattering of living organisms 
after ingestion, and the nature of the force which separates inert matter 
thus is not obvious; we think however that the activity which manifests 
itself familiarly as streaming movement may exert a “kneading” pres- 
sure capable of detaching bodies as loosely bound together as are the 
aleurone grains of a dried endosperm cell; it may, in fact, deform a 
large vacuole temporarily (fig. 7, f), separate one vacuole into two, or 
(rarely) express a solid from the vacuole in which it lies. And as the 
phenomenon we notice now precedes any change immediately connected 
_ with digestion, it must probably rank as one among other peculiarities 
which characterize Mycetozoan ingestion, each fragment being placed by 
isolation in a better position for subsequent solution. 

The onset of this process, the process of actual digestion, is marked 
constantly by the formation of vacuoles, and all appreciable solution 
takes places.in fluid surroundings. Fat and raw starch’ are not acted 
upon by the secretion thus formed, but proteid matter undergoes very 
far-reaching change. Digestion is clearly Rhizopodan in type, in course 
and extent; thus, a loss and re-formation of vacuolar fluid, even many 
times in the course of one digestive act and corresponding phasic 
inhibition in the solution of ingesta, recall parallel though perhaps less 
striking fluctuations in the case of Amosba, and the possibility of lack 
.of synchronism in action upon scattered ingesta which are apparently 
alike, is a commonplace to any student of Protozoan nutrition. Again, 


1 The reaction of certain plasmodia to native starch and to starch grains softened and 
swollen by hot water is discussed by Lister. (Ann. Bot. Vol. 1. 1838, p. 4). 
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the fusion of vacuoles holding food both early and late in digestion has 
been described before in Actinospherium. But upon this fundamental 
similarity of action certain modifications are superposed, ascribable, it 
may be, to the habit of plasmodia taken in conjunction with the nature 
of the food used in our experiments. The most striking of these is 
bound up with the separation of some mucilaginous residue in certain 
acts of digestion. When such ingesta as aleurone grains are watched 
during solution, in many experiments they swell appreciably at first 
and then are diminished until a small insoluble residue lies in a well- 
marked vacuole; sclerotium cells (which are, indeed, more massive) — 
never show marked swelling but they diminish in like fashion, leaving 
a granular resistent residue. At other times, however, enclosed food 
masses, notably sclerotium cells, behave in a slightly different manner ; 


_ digestion proceeds as before from without inwards, but if the proteolytic 


action slackens or there is temporary absorption of the fluid of the 
vacuole, then any nodule of food as yet unchanged is invested by a 
homogeneous mucilaginous sphere, or in later stages, where no unaltered 
food is present, a viscid mould or cast of the interior of the vacuole is 
formed (fig. 7, mu, fig. 5, mu, fig. 9, mu, m). These appearances charac- 
terize acts 6f digestion in which the ingesta are somewhat massive and 
the solvent process is slow’; we ascribe them to separation of partially 
digested matter on loss of the vacuolar fluid, and we think that some 
element present is not only undissolved but insoluble, and comparable 
probably to that mucilaginous residue which gives so distinctive an 
appearance to the egesta of many Infusoria. And it is readily con- 
ceivable that if we have to deal within the limits of any digestive 
vacuole with great variations in concentration of contents—it may be 
with succeeding dehydration and hydration, not only of substance 
secreted into the vacuole, but of the immediate products of digestive 
action—the precise optical effect produced in each case will be deter- 
mined as well by the physical characters and chemical nature of the 
food mass under attack, as by the vigour with which that attack is 
made by the secreting cell substance. 

So, with essential likeness in change but along slightly different 


1 In a note appended to this paper we have tabulated some more definite statements 
of the time relations of the digestive act; it is often much prolonged when (we may 


suppose) the plasmodia have suffered from confinement or the conditions of experiment. 


Thus, whereas we have seen the digestive change in an aleurone grain complete in 1 to 2 


hours from its onset, the intermittent solution in which this mucilaginous deposit comes 
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lines ingesta. proceed to the end of their stay within a plasmodium, — 
and they are ejected as gelatinous “casts” of a digestive vacuole 
bearing any quite insoluble residue, or from a fluid vacuole after pre- 
liminary gradual loss of that fluid, or instantaneous explosive discharge 
(fig. 3, a, b, c)?. 


We have given this statement of the main facts of mycetozoan 
digestion at some length because existing records deal for the most 
part with macroscopic features of the process’, and describe so few 
consecutive observations under high powers of the microscope that 
belief in an ameba-like habit here has been more than usually a 
matter of inference. We wished to add more experimental support 
to this inference,—to express the process of the solution of solids within 
a plasmodium in terms which are valid for more familiar Protozoa. 
And we pass now to what is the more immediate object of this paper— 
a discussion of the behaviour of ingested matter which is sensitive to the 
_ presence of acid. | 

Among well-known reagents we made use of litmus, alizarin 
sulphate, Congo red, and, rarely, methyl violet, repeating the experi- 
ments on Carchesium and plasmodia as far as the differing habit of 
the two forms would allow. Perfect duplication was impracticable ; 
thus we found that in the case of Carchesium the best results spring 
from the administration of such nutritive matter as coagulated white of 
egg, or bacteria, suspended in an aqueous solution of litmus, Congo red, 
methyl violet, or mixed with suspended particles of alizarin sulphate ; 
plasmodia on the other hand may be treated more successfully by 
feeding them with stained food. We found that sclerotium cells and 
aleurone grains stain deeply when left in solutions of litmus, alizarin 
sulphate and Congo red while these solutions are evaporated to dryness, 
and at the same time their nutritive value is not impaired appreciably. 
This method (which in its turn cannot be applied to the finely divided 
nutriment ingested by Carchesium) has the advantage of introducing 
the “indicator” in a fairly concentrated form, but the purity of tint is 
lost in some cases in the act of staining. We also gave as an indicator, 
‘practically unmixed with nutritious matter, the flocculi of alizarin 


1 The discharge from vacuoles was observed by Lister in the case of Badhamia utric. 
feeding on stereum. Journ. Linn. Soc. Vol, u. Botany. 

2 Thus in Lister’s valuable paper on the plasmodium of Badhamia utricularis and 
Brefeldia maxima, intermittent microscopic examination is used for the most part as an 
aid in the interpretation of macroscopic appearances. (Op. cit. pp. 2,5). Metchnikoft 
(loc. cit.) and Pfeffer (op. cit.) also do not give continuous records, 
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sulphate precipitated in ditch-water, and its violet acicular crystals. 
And in the globoids of Ricinus seeds ingested by plasmodia, either as 
one constituent of aleurone grains’ or isolated after maceration, we had 
bodies which seem to us of especial interest. They have not been used 
before to indicate the presence of acid in digestion, yet they are 
delicately sensitive to it, for each globoid, having a thin envelope of | 
nitrogenous substance, is composed for the most part of the double 
_ phosphate of calcium and magnesium. 


Fate of Acid Indicators within Carchesiwm. 


Litmus. When the litmus of commerce is ingested by Carchesium 
in the form of powder it is very difficult to observe any change of tint 
in the dark blue granules, probably because the initial alkalinity is 
marked and the grains of litmus dealt with are relatively dense. Le 
Dantec describes a like negative result even when especially sensitive 
litmus is used, and concludes that litmus sets up some lesion in the 
animal's substance. We substituted for the powdered solid an aqueous 
solution in which nutritive matter was suspended and found that the 
colonies of Carchesium might live vigorously in this even for many days. 
The experiments we made under this combination of conditions were very 
numerous and almost uniform in result: they brought out two points 
with great clearness, the red colour of ingesta in the stage of storage 
(v. supra p. 445), the blue tint. of vacuoles in periods of advanced di- 
gestion (fig. 4, d, ex). Occasionally the colouration is so faint as to be 
appreciable with some difficulty, and that there is never any great 
depth of colour is quite in harmony with the fashion of its origin, which 
appears to be as follows :—the vacuoles of ingestion are very faintly 

blue (each comprising but a small mass of fluid); during retrogression 
a reddish tint appears, and as the obvious vacuole is lost and each 
food mass is stored in turn it lies permeated by fluid of increased 
concentration and acid reaction (fig. 4, s). During the period of 
storage there is no further change, but when that re-formation of 
fluid which initiates the actual solution of food. becomes well marked, 
the colour of the food mass changes, apparently paling as it passes. 
from red to a violet tint ; finally, as advanced solution frees the litmus, 


1 The endosperm cells of Ricinus which we used had been macerated in water after 
long hardening in alcohol. This treatment softens or ruptures the cell wall so that the 
plasmodium by its peculiar kneading action can express the contents of whole cells (fig. . 
1b) and subsequently break them up further. Thus it happens that the cell contents 
only may be offered for digestion, or even clusters of separated crystalloids and globoids. 
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a blue vacuole travels to the area of discharge. It would seem that 
no free alkali exists in this vacuole at any time; it is never so intensely 
blue as any accidentally litmus-stained particles which have not been 
enclosed. We have said that the colouration is very faint at times, 
but we may add that there is never confusion of tints; the stored food 
masses of a healthy polype are never blue, nor is there distinct red 
colour in egesta unless their career has been ended prematurely. 
Alizarin sulphate. Sulphate of alizarin is only slightly soluble in 
the water in which Carchesium lives and thus, breaking into flocculi or — 
forming the acicular crystals referred to above, it takes rank as finely — 
divided matter suitable for independent ingestion, apart from its ad- 
ministration as an accompaniment of food. When the violet “lime 
crystals” (fig. 8, b) are offered alone to Carchesium they undergo some 
preliminary fragmentation in the esophagus but are still recognisable 
as discrete spicules during progression and quiescence. Later their 
rigidity and individuality are lost, and the end of retrogression sees 
the contents of each vacuole of ingestion moulded to a red amorphous 
mass (fig. 9,8). When the indicator is ingested in a Jess alkaline form, 
then parallel changes are set up; the colouration passes from red 
through orange to yellow, a lemon-coloured vacuole with some central 
insoluble residue taking the place of the loose flake which was swal- 
lowed (fig. 9,5). Alizarin sulphate is soluble in, as well as sensitive 
to acids: hence the formation of gelatinous ingesta from “crystals” 
(which have also yielded up their lime to the acid secreted round 
them), and hence too this developed fluidity of vacuoles when the 
ingested alizarin is already in the form of gelatinous flakes. Le 
Dantec found that the outpouring of acid by Carchesium is often 
sufficiently vigorous to transform violet ingesta to yellow vacuoles, 
and we also record this although not in the majority of cases; we 
are less completely in harmony with him in our observation that in 
no case is the yellow colour lasting, and that unmixed alizarin is 
. always stored as reddish-pink gelatinous lumps. In vigorous specimens 
however the storage of this as of other innutritious matter is not of long 
duration and there is ejection without further obvious secretion. 
Concomitant ingestion of this indicator and some true food-stuff 
introduces two variations in the aspect of ingesta;—the colours are 
much fainter, for but little alizarin is associated with each food mass 
and the yellow tint of the storage stage (a very faint, impure yellow) 
is more persistent (fig. 9, b, s). When this stage is over and true 
digestion follows, the vacuoles are faintly pink, and here as in the 
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case of litmus the colour is so pale at times as to be almost inap- 
preciable before the change, suggestive of decreased acidity, appears. 
These complex ingesta of food and alizarin sulphate have almost 
always an intermediate shade of le Dantec’s scale of colour as 
their initial tint, for violet alizarin is too definitely crystallized or 
otherwise precipitated in ditch-water to serve as a stain for\foreign 
substance ; thus the changes are from red to yellow and not from violet 
to pink. And (as in the case of litmus) the reversed modulations of 
colour never indicate in a vacuole an alkalinity as marked as that of 
the surrounding medium, i.e. egesta become more violet after they are 
freed. But we notice no appearance that is discordant with the con- 
clusions that the maximum of acidity coincides with the storing up 


_ of dense, shrunken ingesta; that it is reached by the concentration 


upon these ingesta of an acid fluid with reabsorption of its water into 
the cell substance, and that acidity wanes as digestion progresses. 
Congo red. This substance, like alizarin sulphate, is less soluble 
in ditch-water than in distilled water; we have offered it to Carchesium 
in solution and as a gelatinous precipitate unmixed or mixed with true 
food-stuffs. And although in some ways a less delicately responsive 
reagent than others with which we have worked, its fate after ingestion 
supports the conclusions which we have formulated above. Free par- 
ticles of Congo red are actually almost orange-red in tint; after ingestion 
they usually become pink-red, violet, and lastly blue (fig. 6,.s). We 
qualify this statement because the blue compound seems to be formed 
with more difficulty and to be correspondingly less stable than the 
products which spring from the intracellular change of litmus or even 
of alizarin sulphate. We find (and this might be expected) that 
vacuoles in which digestion is going on are of a pale cherry red, and 
that egesta have the same tint, but we find too that when solution 
food follows retrogression with omission of the storage stage’, any 
accompanying Congo red may show no change, even to violet. It is 
when ingesta are stored freely that the blue colour appears and, tinting 
a vacuole of ingestion with changing shades of violet as the movement 
of retrogression is performed, stains with increasing depth the shrunken 
food mass to which such a vacuole gives rise. Even in this case the 
blue colour is not persistent; whether the pause in action is ended 
by digestion or whether the solid masses (if poor in nourishment) 


are discharged without re-formation of vacuoles — is a reversion 
to red. 


1 It has been said above that in rapid digestion there may be no “storing” of food. 


2G 
og 
¥ 
= 
% 
‘a 
A 
“t 
“@ 
wid 
%, 
“ay 
. 
+4 
a 


454 M. GREENWOOD AND E. R. SAUNDERS. 


In a preceding paragraph we have spoken of the colour changes 
in alizarin sulphate which precede and accompany digestion, as 
indicating lessening acidity as proteolytic action progresses; but it 
is clear, especially perhaps in face of the facts of Congo red ingestion, — 
that the true interpretation of the appearances may be less simple; we 
think that an evaluation of all the experimental results yielded by 
Carchesium in this connection will be more practicable (though difficult 
at any time) after examination of the formation of acid in the My- 
cetozoa. | 

Fate of Acid Indicators within the Plasmodia of Mycetozoa. 


_ Litmus (cp. fig. 5). Aleurone grains and sclerotium cells stained 
with blue litmus in the fashion described above are ingested readily by 
plasmodia and in vigorous specimens show speedy change of colour. 
We have seen them distinctly neutral (violet) in tint after 20 to 
30 min., and after 40 min. they may be red throughout. During the 
transformation, the ingesta are non-vacuolate; they are obviously 
permeated by fluid but no excess lies round them until such time 
as actual digestion begins. We have recognised in an earlier part 
of this paper the possibility of the very close investment of massive 
and inert ingesta by a plasmodium during enclosure, thus it may 
happen as in the case under consideration that the acid secreted later 
has no fluid derived from the vacuole of ingestion to which to add itself 
and is hardly appreciable in bulk though potent in effect. But the 
fluid of the digestive vacuole is clear in all cases. It is colourless 
at first, but the onset of solution of a food mass places a red solid 
in a red vacuole (fig. 5, s, d, ew); and later, the fluid of the vacuole 
becomes violet and then blue. The striking fluctuations in fluidity, 
and hence in activity of solution to which we have referred (p. 449), 
may coexist with variations in colour of the vacuole and its contents,— 
thus there may be change from red to blue more than once in any 
digestive act. A temporary suspension of digestive activity does not 
necessarily coincide with one phase of the colour variation, but the fluid 
of a vacuole disappears as a rule when its tint is violet or blue leaving 
a non-vacuolate solid of the same colour. In such cases there is a 
passing change to red before digestion recommences (fig. 5, mu), but 
as solution approaches completeness a steady deepening of the blue 
tint becomes clear, the alkalinity of a normal vacuole of ‘ejection (if 


inference from the colour be justifiable) being only less than that of the - 
surrounding water. 
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When plasmodia are allowed to creep in alkaline solutions of litmus, 
any food which they may ingest from such an environment is blue 
initially and undergoes changes which recall the series just described, 
and sometimes when outlying solid matter is absent the existence of 
blue and red vacuoles suggests that there has been absorption of litmus 
without concomitant ingestion. In a certain case e.g., immersion for 
eighteen hours (overnight) gave in one plasmodial fragment twenty-four 
bright red vacuoles or mucilaginous spheres and about one hundred blue | 
vacuoles. We could not determine upon examination whether solid 
residues were or were not present in these vacuoles; and the fashion of 
their origin therefore remains a moot point. It is conceivable that 
absorption of the litmus solution was followed by concentration of its 
coloured element in local deposits of fluid, or perhaps more probable — 
that, as Bismarck brown colours pre-existing ingesta in Amceba’ (and, 
we may add, in plasmodia), so the absorbed litmus was gathered round 
food masses, ingested in a relatively distant past. 

Alizarin sulphate. The alkalinity of the surface of plasmodia is 
such that red flocculi of alizarin sulphate become violet before ingestion; 
the starting point of intracellular change then for the unmixed colouring 
matter may be violet gelatinous flakes or acicular crystals. In either 
case the change of colour is striking,—the violet passes into orange-red 
(fig. 8, 6). And the crystals swell, losing their rigidity, so that move- 
ments of the enclosing cell substance may bend them passively. The 
acid fluid which is thus potent does not form vacuoles at first, but later 
a process suggestive of very imperfect digestion is demonstrable. The 
crystals become surrounded by vacuoles, they are broken down into an 
amorphous mass and their colour has an added shade of pink; it passes, 
that is to say, one stage near the alkaline end of le Dantec’s colour scale. 
Ejection takes place without further change. 

The combination of alizarin sulphate with proteid impairs the purity 
of its tones of colour considerably ; thus stained food masses when they 
are ingested are usually of a reddish-violet (fig. 8, ig). They change 
to dull pink, then to brownish yellow, or, rarely, to pale yellow, while — 
still non-vacuolate and in the digestive vacuoles which succeed they are 
pink or (very occasionally) lilac. Fluctuations in the amount of vacuolar 
fluid and variations in the tint of the indicator may occur, and being 
strictly comparable to the phases described in the career of: litmus- 
stained food need hardly be particularized further. It may suffice to 
say that normal egesta are pink or lilac, their colour changing or deepen- 

1 Bruno Hofer. Jenaische Zeitsch. 1889. | 
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ing to dull violet in contact with the water into which they are oozed 
(fig. 8, m). 

- Congo red. In our experiments this substance was always given to 
plasmodia as a stain for nutritive matter, and we find that its intra- 
cellular history is relatively simple. The non-vacuolate ingesta darken to 
an opaque black-violet, and subsequent solution in vacuoles gives bright 
red ingesta in bright red fluid surroundings (fig. 7, tng. s. ex). From 
these surroundings, directly, or after there has been phasic reversion to 
a non-vacuolate condition and a violet colour, innutritious débris are 
expelled. Congo red never acquires a pure blue tone within the 
mycetozoa, and there is an absence of those changing shades of colour 
which mark the action of plasmodia on indicators described hitherto. 
We ascribe this comparative simplicity and sharpness of change and 
the opacity which marks all violet ingesta to the tendency of Congo red 
to precipitate in acid fluids. 

Globoids of aleurone grains. Each of these little masses of the 
double phosphate of calcium and magnesium is invested by a delicate, — 
nitrogenous envelope proper to itself, and the majority (at least in the 
endosperm cells of Ricinus) are embedded in the proteid matter of 
aleurone grains (fig. 1 b,c). We have stated above that the endosperm 
cells are so affected by the treatment which precedes administration, 
that the moving substance of the plasmodium is able to break them up 
after ingestion, scattering even the constituents of one cell. In extreme 
cases this disintegrating action presses out the globoids from their normal 
surroundings so that they come to lie in immediate contact with the 
protoplasm (fig. 5). But, isolated thus or im situ they are dissolved 
with equal readiness (in plasmodia of like vigour), and this at a time 
when the colour indicators proclaim the presence of acid, and the size 
and form of accompanying or neighbouring aleurone grains are unaltered. 
Solution may proceed from without inwards, or may begin at once at 
many points scattered over the globoid; in the latter case the original 
shining sphere appears punctate or vacuolate; in both cases the act 
of solution seems to us of especial interest, as it emphasizes the action 
of fluid, which penetrates the proper membrane of the globoid or, it 
may be, the proteid of the aleurone — to act upon mineral matter 
lying 


With this we bring to an end the account of our experiments on 
the ingestion of acid indicators by Protozoa. Before we discuss the 
results just detailed, however, or examine their bearing on the records 
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of earlier workers, we are anxious to make mention of the intracellular 
relations of certain other colouring matters which have interest because 
of their share in classical research, or because of their sensitiveness to 
processes of reduction. 


Fate of carmine, methylene blue and rosanilin sulphate within 
Carchesium and the Mycetozoa. 


Carmine grains ingested alone are unchanged by Carchesium or — 
by the plasmodia we have used; ingested with nutritious matter they 
are equally unchanged, but they adhere to the lessening remnant of food 
throughout digestion. When ingesta stained with carmine as a 
preliminary to enclosure are watched, the digestive vacuole is seen to be 
colourless at first but soon afterwards is clearly red. This colour which 
belongs wholly to the solution of stained matter seems to us comparable 
to the red colour set free in peptic digestion of carmine-stained fibrin’ ; 
it is in fact distinctly different from the “lake” colour of carmine in 
alkaline solution. We have examined these relations carefully and 
repeatedly because of the use made of carmine by De Bary in the 
- experiments quoted at the beginning of this paper. It will be remem- 
bered that he speaks of the solution of carmine within the plasmodium 
of one mycetozoan, while a nearly allied form ingested little and dissolved 
none. Many succeeding writers have quoted De Bary’s statement ; 
Pfeffer? discusses it in the papers to which we have referred above, 
and we gather that he is inclined to explain the result by postulating 
the possibility of locally variable response to like stimuli from any area 
of a plasmodium. By such an hypothesis solution of carmine and 
inaction on carmine are demonstrable, conceivably, on neighbouring 
ingesta. No instance of such extreme local dissimilarity is adduced, 
but stating that Chondrioderma difforme’ ingests carmine abundantly 
(in this form De Bary found that there was practically no ingestion) 
Pfeffer notes that in most cases the grains remained unaltered, while 
exceptionally, a vacuole, coloured red by solution, is formed. We think 
that the possibilities of variable reaction are somewhat overestimated | 
by Pfeffer; for us, as formulated by him, they transcend experience. 
Aud bearing in mind how actually meagre is this classical statement, 


1 Op. P. Griitzner, Neue unter. ti. d. Bild. u. Auss. d. Peps. = 1875); and 
J. N, Langley, This Journal, Vol. m1. 1880, 
2 Op. cit. 
3 The Didymium Libertianum of De Bary. . 
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how partial the support which it has gained in later years’, and the 
entire absence of solution of carmine grains which is noticeable con- 
stantly in our experiments, we think it a more probable hypothesis that 
solution (when it occurred) was due rather to some accidental constituent 
of a vacuole ingested from without than to secretion poured | from the 
surrounding cell substance. 

Methylene blue and rosanilin sulphate are alike in indicating 
that a digestive vacuole is not the seat of active reduction. In Car- 
chesium, stored ingesta are bright greenish-blue when methylene blue 
is present ; during digestion the blue tint is purer (the transparency of 
the ingesta, of course, increases) and the pigment is not set free to form 
a coloured vacuole comparable to those which are often associated with 
_ the presence of acid indicators, but is concentrated on the innutritious 
remains of food and expelled with them. 

In a wholly comparable fashion, rosanilin sulphate colours stored 
ingesta of Carchesium a deep red-pink and keeps its colour through 
subsequent digestion. In this case the digestive vacuole may be tinted 
faintly but the colour is associated for the most part with a solid 
residue, and when (our experiments on this point are not numerous) 
nutritive ingesta of the Mycetozoa are coloured by rosanilin, the red 
colour persists as solution is perfected. Sclerotium cells and aleurone 
grains stained with methylene blue are ingested readily by plasmodia, 
but the stain appears to diminish their digestibility; indeed they 
sometimes afford especially good examples of that passing separation of 
mucilaginous matter which we have associated (cp. p. 449) with temporary 
slackening of solvent action. But when digestion occurs it is accom- 
panied by no marked decolourization; the digestive vacuole, usually 
colourless, may be pale blue, the food mass it holds is blue until the 
moment of discharge. We believe that the prosence or absence of a 
blue colour in the vacuole depends on the predominance of one or the 
other of two antagonistic processes, the first setting free methylene blue 
as the proteid which it impregnates is dissolved, the second depositing 
the pigment so freed round the residual solid nidus of the vacuole. A 
com parable deposition of methylene blue from solution has been 
described in the wandering cells of the frog*; it must not be forgotten, 
however, that methylene blue is not readily silubis' i in solutions of salts 
and that there is reason to believe that salts are present in a digestive 


1 Cp. A. Lister. Journ. Linn. Soc. Vol. L. The ingestion of carmine grains by swarm 
cells of Mycetozoa is described without subsequent digestion (p. 439.) 
2 W. B. Hardy and Lim Boon Keng. This Journal, xv. p. 870, 1893, 
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vacuole. The absence of colour which is certainly striking in Carche- 
sium may, then, have complex causes. 

It remains for us to discuss briefly the meaning of the foregoing 
experimental results and its relation to existing literature, For the 
purposes of this discussion all the organisms which we have watched 
may be grouped together, so uniform is their fundamental reaction in 
the points especially under consideration. And two generalizations are 
suggested by this element of con tancy,—the one (previously made in 
substance by le Dantec), that a secretion of acid is excited by 
nutritious and innutritious ingesta in Protozoa; the second (a 
departure from his conclusions), that this secretion is phasic, so that 
_ during the solution of food the acidity of the digestive vacuole decreases 
and, it may be, even disappears. 

_ These generalizations, however, lead inevitably to certain questions : 

_ What is the nature of the acid formed? What is the meaning of 
“decreased acidity” in a digestive vacuole? Is the first acid fluid 
re-absorbed, or is it decomposed by fresh basic secretion, or is it present, 
but masked by proteid or other organic matters? Considering these 
questions briefly and in inverse order we may say that unfortunately 
many of the reagents which are of service in establishing the presence 
of free acid in an organic complex are inapplicable in ingestion experi- 
ments. Thus methyl violet is delicately sensitive to the presence of 
free acid and will not react in the presence of peptones; but methyl 
violet brings about profound lesion when given to Carchesium or to 
plasmodia, so that repeated experiments have left us without reliable 
results, OO-tropeolin is in like manner changed in colour by free acids 
only, but the faint yellow of sclerotium cells stained with tropzolin does 
not change within plasmodia, and in Carchesium this faint yellow is 
difficult to produce and never changes to a deeper tint. We may add 
that tropzolin is hurtful in strong solution, and that the method of its 
application when the most delicate reaction is sought involves drying 
the reagent and the acid-holding substance at 40° C. 

We think however that, the application of these indicators being — 
impossible, certain reliable conclusions may be drawn from the experi- 
ments described in this paper. For while litmus and alizarin sulphate 
react to free acid, to acid in the presence of proteid and to acid salts, it 
is well known that free acid is needed to produce the blue colour from 
Congo red. The existence of violet and dark blue ingesta in Carchesium 
and of the black-violet tint which so soon follows enclosure by plasmodia 
is proof that at certain times free acid exists; the cherry red of a vacuole 
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and its contents during solution is incompatible with the presence of 
free acid, but leaves it doubtful whether combinations of acid and proteid 
- have been formed. But here the facts of change in litmus are sug- 
gestive, for we find that in the early stages of digestion a red food mass 
lies in a red vacuole (fig. 5, d), while later there is change to blue; 
at this point combinations of acid and proteid must be absent since 
these react with litmus. We conclude, then, that the free acid de- 
monstrable in the stage of storage is replaced as proteolytic 
activity becomes manifest by combinations of acid with the 
products of this action, and that later it is not present in the 
vacuole even in combination. Whether this final disappearance 
is due to reabsorption of acid, or to the formation and reaction of basic 
substances during digestion is not, we think, deducible from our experi- 
ments. That loss and re-formation of vacuole which marks all but the 
most vigorous solvent actions in plasmodia suggests the former alter- 
native; the facts of mammalian digestion tend _— to ee the 
latter. 

When we face the second of the two onthe raised ein we 
seem to confront in epitome the long conflict which has sought to 
establish the nature of the reaction of gastric juice. And we find that 
some of the most certain results gained from the struggle depend on 
methods and reagents inapplicable to living Protozoa. Thus phloro- 
glucin-vanillin is totally unaffected by organic acids, but indicates the 
existence of free mineral acids’. It is insoluble in water, however, and 
Gtinzburg? directs that it shall be dried on a water bath with the 
_ suspected body; this method of testing is clearly incompatible with life, — 
and we have not been successful in attempts to modify the procedure. © 
We note that of the indicators used in our own experiments alizarin 
sulphate, litmus, and the substance of globoids, react with ease to 
organic as well as to mineral acids, and though the blue colour of Congo 
red is said to arise only (or with greater ease) in presence of the 
latter, still organic acids give an approximation to it in the shape of 
violet, and the distinction is clearly.one of degree. We have also 
watched the ingestion and fate of crystals of calcium oxalate and with 
the following results; mixed with sclerotium cells and thus given to 
plasmodia they may be found clinging to the half-digested proteid 
matter after 24 hours; mixed with coagulated white of egg, and so 
given to Carchesium, they stand out with increasing clearness in digestive 


1 A.Gamgee. Physiol. Chem. of the Animal Body, Vol. u. p. 497. 
2 Giinzburg. Centralbdl. f. klin. Med. 1887. No. 40, 
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vacuoles as solution of the proteid proceeds (fig. 10, d, ex), and when 
ingested alone groups of them may be observed after the lapse of some 
hours. That during actual digestion there should be no solution of 
these crystals is quite in harmony with the behaviour of other indi- 
cators ; their persistence in the antecedent stage of acid formation seems, 
at first sight, a proof of the absence of free hydrochloric acid. But a— 
like remarkable failure to dissolve calcium oxalate on the part of acid 
gastric juice was long ago interpreted by Bernard as indicative of the 
absence of hydrochloric acid, and in face of the abundant disproof of 
his inference it would be idle to regard as crucial our experiments on | 
these Protozoa. The presence of organic matter appears to bear some 
obscure relation to this particular failure of solvent action in mammalian 
secretion, and we have reason to believe that, in Carchesium at any 
rate, there has been secretion of organic matter in the process of 
aggregation. 

In the case of one acid however our OES do ‘speak decisively. 
The production of carbonic acid is a process which is bound up in- 
timately with the commonly accepted conception of the characteristics 
of living matter, And, bearing in mind the imperfect localization of some 
activities in the substance of Protozoa, the suggestion may well be formu- 
lated that in the phasic acid reaction of the fluid which bathes ingesta, 
we deal with a vigorous, localized excretion of carbonic acid. It is clear - 
however that in the ready solution of a phosphate’ we have proof, 
if not of its absence, at least of the presence of some other acid. We 
are not prepared to make further dogmatic statement, but, bearing in 
mind the intensity of the blue colouration which may be displayed in 
Carchesium by one small food mass mixed with Congo red (fig. 6), and 
the relative sensitiveness of this reagent to organic and mineral acid, 
we are inclined to believe that the latter exists here. In the Mycetozoa 
it may not be sufficiently abundant to turn the massive ingesta to true 
blue, hence black-violet indicates the extreme point of change. But 
upon such evidence little stress can be laid; thus, while emphasizing 
the faet that free acid other than carbonic acid is formed in 
Protozoan digestion we must regard its nature as an open question 
still, and urge simply that no satisfactory proof has been brought 
forward that it is not a mineral acid. 


1 Cp. p. 456. The globoids of Ricinus seeds are made up of the double phosphate of 
calcium and magnesium. In this connection we may state that solutions of Congo red are 
stream of carbonic acid, but show no change to 
blue. 
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_ It is clear that our experiments offer abundant evidence of the 
formation of acid in simple organisms but not of its finality. And they 
lead us to support in the main the view, urged by one of us some years 
ago’, that such organisms react discriminatingly to nutritious and in- 
nutritious matter respectively. In the work to which we refer, it was 
stated that solids of no nutritive value are not surrounded by fluid when 
they lie in the endosarc of Amoeba, whereas nutritious matter is digested 
by abundant fiuid poured around it. We recognise, indeed, the in- 
adequacy of this statement, for ingesta, whatever their nature, excite a 
‘secretion of acid. But this acid, in its formation as in its persistence, is 
singularly independent of the outpouring of any mass of fluid, and 
though it may be secreted into vacuoles of ingestion may also permeate 
ingesta when such vacuoles are lost. And we must maintain still that 
formation of the true digestive secretion, in its perfected state and in 
abundance, is determined by the characters of ingesta, and that all 
eriergetic solution of proteid matter takes place in obvious fluid sur- 


roundings. 
Nore. In the following table we give some records of the duration of 


different periods of the digestive cycle and its antecedent Lsomuenes in 
Mycetozoa and Carchesium. | 
Mycerozoa. 
Interval between ingestion and change indicative of presence of acid, 
| Shortest record § Longest record Usual record 


Litmus 15 min. 2 hrs. 30 min. 
Globoids of Ricinus 30 ,, ee 
Alizarin sulphate 0 30 min. 20 min. 


Shortest record Longest record Usual record 
Aleurone grains 5 hours 6 days 24 hours 
Sclerotium cells 5 ” 6 ” 36 


CARCHESIUM POLYPINUM. 


In the case of Carchesium a tabulated account of the duration of succes- 
sive phases of digestion is given in the Philosophical Transactions Roy. Soc. 
1894, p. 18. We subjoin here, not a repetition of this table, but a brief state- 
ment of the time relations of acid formation. 


1 This Journal, Vols. vit. and | 
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Interval between ingestion and change of colour indicative of maximum 


Litmus 25 min, 
Congo red 13 min. 
19 min, (passage from violet to ites) 
Alizarin sulphate. 2 7 min. (passage from red to yellow) 
2 min. (passage from violet to red). 


acidity. 
Litmus variable 
Congo red 7 min. 


4 min, 
{8 min. (more usual time). 


| EXPERIMENT X. 
Carchesium polypinum fed with red floceuli of alizarin sulphate. 


9.30 a.m. Ingests small red amorphous masses. 
9.40 ,, Yellow vacuoles seen; ie, the red flakes of alizarin go into 
solution in acid, leaving a small insoluble residue. 
9.50 ,, Yellow colour has paled and is hardly appreciable. 
9.56 ,, Pink shade reappears in vacuoles. 
10.10 ,, Signs of precipitation in vacuoles and periraente clearness of 
pink colour. 
10.25 ,, Violet shade noticeable in ingesta. 
11 », Considerable discharge of ingesta. 


Summary. 
When we began the observations which are embodied in the 
foregoing pages we found many scattered assertions of the intracellular 


formation of acid in Protozoa; these were based chiefly on colour change 


as noticed in ingested litmus. We found too, in le Dantec’s work, 
observations which were sequent, detailed and derived from carefully 
conditioned experiments, and in which sensitive litmus and alizarin 
sulphate were used as indicators of the existence of acid. Le Dantec’s 
results spoke clearly, confirming in the main the earlier, more incidental 
records: thus, on the one side, stood a certain accumulation of evidence, 
while on the other and, implicitly, supporting the secretion of alkaline 
fluid in Protozoa we found only the classical observation of De Bary. 
It was our aim to determine the relation of acid to the solution of 
nutritive matter in these simple organisms, rather than its actual 
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formation ; in many experiments then we gave acid indicators (sensitive 
colouring matters or inorganic salts) combined with true food stuffs. 

We made use of widely different types of Protozoa,—the Infusorian, 
Carchesium Polypinwm and the plasmodia of certain Mycetozoa. In the 
habits of the latter we found a striking likeness to the physiological — 
actions of amceba; the fashion of ingestion, the exclusive digestion of 
proteid matter, the localization of solvent processes in marked vacuoles, 
serve to recall vividly the corresponding phenomena in Rhizupods. In 
spite of certain secondary modifications introduced by their own 
structural peculiarities, therefore, we count the plasmodia here as a 
type of this group of Protozoa, and we draw generalizations from 
study of them and of Carchesium which can only hold as generalizations 
if it be permissible to argue from uniformity of result in forms which 
are, themselves, so unlike. . 

The uniformity of result yielded by experiments on these organisms 
was, indeed, striking, and may - gathered from the following state- 
ment : 

(a) The ingestion of solid matter, wikiiin its nature, shlitiintee 
the surrounding cell substance to secrete acid fluid; its presence is 
demonstrable by colour change in litmus, in Congo red and in alizarin 
sulphate, and by the solution of calcium and magnesium phosphate. 
The amount of fluid with which this secretion is associated is variable : 
in Mycetozoa éach solid mass is permeated, but there is rarely any 
accumulation which merits the name of vacuole; in Carchesium, acid is 
secreted into the vacuole of ingestion, but when the fluid of this vacuole 
is lost, the acid reaction of the residual solid reaches its extreme point. 

(b) The outpouring of acid is unaccompanied by any digestive 
change on nutritive matter; ingesta may indeed be stored for many 
hours before they are dissolved, or digestion may follow rapidly on 
ingestion, but the formation of the digestive vacuole whether immediate 
or delayed is preceded by the development of the acid reaction and 
followed by its diminution. The diminution is due .at first, it would 
seem, tocombination with the products of digestion, for at this stage any 
litmus accompanying ingesta is red still, while Congo red has reverted — 
to that tint from violet or blue. Later, the vacuoles and ingesta 
reddened by litmus become violet, and the end of normal digestion 
finds them pale blue, so that acid and acid combinations are alike 
absent. | 


(c) That the acid formed so constantly is free at one time is 
indicated unmistakeably by the striking developement of violet colours 
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in solids stained with Congo red in Mycetozoa and Carchesium, and 
emphasized by the further change to pure blue which Carchesium 
effects in these cases. This same colour change suggests, what decompo- 
sition of the mineral matter of a globoid proves, that the free acid is 
not carbonic acid; but our experiments do not, we think, allow us to 
decide its nature more nearly. The amount of acid present at any 
moment must be small, and, this being so, that the change in Congo red 
should be speedy and striking suggests that it is inorganic, but it is 
probable that to emphasize such an inference would be hasty. 

The relation of the secretion of acid to proteolytic activity in 
Protozoa, as we gather its nature from these experiments, contrasts at 
first sight in a somewhat striking manner with the fundamental 
structural changes which accompany digestion in vertebrates. In 
vertebrates the load of granules which a resting gland cell bears is 
destined to give origin (it may be among other bodies) to the perfected 
digestive ferment. And whatever the nature of the medium in which a 
ferment acts finally, there is hardly any more certain method of 
producing it from its zymogen than treatment with acid. In Carchestwm 
(as in other Protozoa) no structural precursor of an enzyme can be 
identified among the granules of its substance, and it has been suggested 
by one of us that the viscid matter which, retracting within a digestive 
vacuole shares in producing the phenomenon of aggregation, may — 
represent the lacking morphological element. It is conceivable that 
some constituent of this matter might give rise to the proteolytic 
ferment under the action of that excess of fluid which is a constant 
accompaniment of solution. The relation of acid to ingested matter, 
however, places a barrier in the way of accepting such a view. It is 
difficult to believe that zymogenic matter could lie inert for hours, yet 
penetrated with the very substance which is so potent to convert it 
to enzyme in vertebrate digestion. Unless, then, we conceive that the 
paucity of fluid which does belong to the stage of storage inhibits all 
effective chemical interaction until such time as fresh secretion becomes 
marked, we are driven to regard this fresh secretion as important, not 
only in as much as it is fluid, but in as much as it is fluid which bears 
freshly formed proteolytic ferment from the surrounding substance of 
the cell. 

Although the secretion of acid is excited by all ingesta, the true 


digestive vacuole is only formed under the stimulus — by nu- 
tritive matter. 
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DESCRIPTION OF PLATE XV. 
In all the figures 
_ ing = a solid particle soon 1 after enclosure. 
= solid particle “stored.” 
d = a solid particle during some period of actual digestion. 


. et =a solid particle or a mucilaginous vacuole when digestion is 
practically complete. 


mu = intermittence of digestion with concentration of mucilaginous 
matter round solid. (See text p. 449.) 
Fig. 1. a = Sclerotium cells of Mycetozoa, Oc. 2. Obj. D. Zeiss. 
b = Endosperm cell of Ricinus communis, cell wall removed to 
show crystalloids and globoids in situ. 
c = isolated aleurone grains of Ricinus communis, showing globoid 
intact, and dissolved. Oc. 2. Obj. F. 
Fig. 2. Lime-holding plasmodium. Oc. 2. Obj. F. 
Fig. 3. To show extrusion of undigested matter from vacuole, Oc. 2. 
Obj. F. | 
a = vacuole and food-mass present. 
b = food-mass present after discharge of vacuole. 
c = food-mass extruded. 
Fig. 4. Ingestion of litmus and white of egg by Oarchesium. 
Red colour is distinct in storage, and rnc to blue during 
digestion. . 
Fig. 5, Ingestion of litmus in plasmodium. Aleurone grains stained. 
Storage = red. 
Beginning of digestion = red. 
. Advanced digestion = violet passing to blue. 
Fig. 6. Ingestion of Congo red and white of egg by Carchesium ; blue 
colour (transient) in storage stage. | 
Fig. 7. Ingestion of Congo red by plasmodium—sclerotium cells stained. 
b. vacuole holding bacteria soon after ingestion. 
b,. vacuole drawn later, holding clustered bacteria. 
J. very fluid vacuole deformed, by pressure of the plasmodium. 
Fig. 8. a. Ingestion of alizarin sulphate by plasmodium. Sclerotium 
cells stained. 


m. = mucilaginous cast of vacuole immediately after discharge. 
(See text p. 450.) | 


1 The red colour acquired — litmus is really more yellow in tone than the 
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b. Acicular crystals of alizarin sulphate as they appear before 
ingestion (violet), and swollen and changed by the action of 
the acid (red). 

Fig. 9. Ingestion of alizarin sulphate by Carchesium. 
a. Acicular needles without food ; stored as red endieshions mass. 
_ b. Red flakes, changing to orange and yellow (with solution) and 
returning to pink with re-deposition. 
s. a. = small stored mass of white of egg ingested with red 
alizarin sulphate ; colour yellow in storage. 


Fig. 10. Ingestion of white of egg and calcium oxalate by Carchesium. 
To show persistence of calcium oxalate during digestion. 
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ON RED BLOOD-CORPUSCLES OF DIFFERENT SPE- 
CIFIC OXYGEN CAPACITIES. By JOHN HALDANE, 
M.A., M.D., Lecturer on Physiology, University of Oxford, AND 
J. LORRAIN SMITH, M.A., M.D., John Lucas Walker Student 
of Pathology, University of Cambridge. | 


(From the Physiological Laboratory, Copenhagen.) 


THE expression “specific oxygen capacity” has been introduced by 
Bohr’ to designate the ratio between the number of grammes of iron 
and the number of c.c. of oxygen present in a given volume of blood, — 
blood-corpuscles, or solution of hemoglobin, saturated with air at 
ordinary pressure and temperature. He has found that the ratio varies 
very considerably in different solutions of hemoglobin crystals or 
specimens of blood. The chief physiological interest of these observa- 
tions, however, is connected with his further discovery that the blood- 
corpuscles alter in specific oxygen capacity during their passage from 
systemic arteries to systemic veins, and again in their passage from 
systemic veins to systemic arteries’. 

It seemed not improbable that differences in the specific oxygen 
- capacity of the red corpuscles of the same animal might be accompanied 
by physical differences as regards their size, specific gravity, &. If 
this were so it would probably be possible to sort the corpuscles out by 
means of the centrifugal apparatus. On the suggestion of Prof. Bohr 
we undertook, during a visit to the Copenhagen Physiological Laboratory, 
to ascertain whether such a sorting out can be effected. 


Methods Employed. 
- We used either ox-blood obtained from the slaughter-house, or dog’s 
blood drawn from the carotid artery. The blood was defibrinated, 


1 Skandinavisches Archiv fiir Physiologie. Bd. m1. p. 101, 1892. 
2 loc. cit. p. 121, 
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_ filtered through gauze, and then centrifugalised till the serum and cor- 


puscles were separated. The upper, middle and lower layers of the 
corpuscles were then siphoned off into separate vessels, and the specific 
oxygen capacity determined for each of these layers. The exact 


procedure followed was varied somewhat, as will be seen — : 


different experiments. 

The specific oxygen capacity was determined as follows :— 

The corpuscles were diluted with about an equal volume of ‘7°, 
sodium chloride solution, and shaken, by means of a motof; in a stream 
of air at a temperature of about 15°C. for 20 minutes. This time was 
more than sufficient to completely saturate the corpuscles with air. 
A receiver of known volume (about 40 c.c.) with two air-tight taps, 
made to fit into a vacuum chamber, attached to a Hagen’s mercury 
pump, as described by Bohr’, was at once filled with the corpuscles, 
which were kept well stirred during the operation. The receiver was 
fitted into the vacuum chamber, which was then without delay 
completely evacuated. -The receiver was now opened towards the 
pump, by turning one of the taps, and the gases of the corpuscles 
evacuated with the help of gentle heat applied by means of a water 
bath, into which the lower part of the vacuum chamber dipped. The 
gases were collected in a Bohr’s gas-receiver over mercury, and then 


analysed in a Petterson’s apparatus. The saturation with air, evacua- 


tion, and analyses of the gases, could in this way be carried out with great 
accuracy. This is shown by the fact that in the double determinations 
recorded below the amounts of oxygen found do not differ from one | 
another in the two determinations, by more than about 0°2°/,. Even when 
the saturation and evacuation of the two samples were carried out on 


different days, as in experiment No. IV, the determinations gave 
practically the same result. 


For the iron determinations about 30 c.c. of the diluted and 
thoroughly mixed corpuscles (after saturation with air) were weighed 
out in a platinum dish, completely dried in an air-bath, and carefully 
ignited. The residue was extracted with dilute hydrochloric acid, 
re-ignited, and finally completely dissolved in the acid. The iron 
contained in the solution thus obtained was then determined with the 


‘necessary precautions, by reduction with zinc in a stream of carbonic 


acid, and titration with permanganate of potash: In calculating out 

the weight of iron in 100 volumes of the diluted corpuscles, allowance 

was made for the specific gravity, which was separately determined. 
| 1 Skandinavisches Archiv fiir Physiologie. Bd. mt. p. 72, 
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It will be seen that of the ten double determinations quoted below, 
seven agree within one per cent. of the quantities found, and that the 
- maximum difference was 3°/,. To obtain this result however it is 
necessary that the ignition and titration be carried out with much 
care, . 
Besides determining the specific ox ygen capacities we endeavoured 
to measure the diameter of the corpuscles in each layer. The shapes 
of the corpuscles had, however, already become very irregular before the 
separation could be effected. For this reason the measurements were — 
not very satisfactory. As a rule a specimen of the corpuscles from each 
layer was diluted with Hayem’s solution, and measurements made of 
the longest diameters of a hundred corpuscles. } 


Results of the 


The main results of our experiments are. given in the following 
tables. The values for the specific oxygen capacity are obtained by 
dividing the number of c.c. of oxygen (at 0° and 760 mm, pressure) 
found in a given volume of each specimen of saturated corpuscles, by 


the number of grammes ali iron found in the same volume of the same 
specimen, 


oxygen capacity of the of different layers of 
centrifugalised blood. 


No. of experiment 1 2 3 4 5 es a 8 9 


Description of animal ox | dog | ox ox ox | dog | dog | ox ox 


Upper layer 328 | 362 


$86 856 | }375 | 353 | | j384 
Lower layer 358 | 356 | 372 | 387 | 878 | 


No. of experiment 1 2 4428 6 7 
Upper layer ~30| +6 | +18 | +41-| + 8 | -31| +131 ~85 
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Average diameter of the corpuscles (in thousandths of a mg ea 
| , in the different layers. 


Upper layer — | 7-99 | 5-16 | 5-97 | 5-43 | 6-86 | 7:38 | 6-20 | 5-74 
— | — | 5-24 | 5-65 | 5-81 | 7-12 | 7-35 | 5-86 | 5-88 
— | 714 | 5:45 | 5°50 | 5°79 | 7°04 | 7°45 | 5°44 | 589 


_ From these tables the following conclusions may be drawn :— : 


(1) There are distinct differences, amounting sometimes 
to more than 20 per cent., in the specific oxygen capacity of 
the different layers of corpuscles. Except in experiment 2, the 
differences are far too great to be attributable to errors of analysis. 

(2) No rule can be given as to the layers in which the 
corpuscles of higher or lower capacity are found. Sometimes 
the capacity is highest in the lower layer, sometimes in the middle, and 
sometimes in the upper layer. | 

(3) There is no correspondence between differences in 
the average diameter of the corpuscles, and differences in 
their specific oxygen capacity. It would thus seem probable that 
differences in the specific gravity, or some other physical character, and 
not merely in the size of the corpuscles, are associated with differences 
in their specific oxygen capacity. 

(4) Even in blood drawn from a single vessel the red 
corpuscles are not all of the same kind, but differ from one 
another in their specific oxygen capacity. This is shown by the 
experiments on dog’s blood from the carotid artery. 

Although we cannot be sure that the differences in the altered 
blood corpuscles outside the body are of the same nature as differences 
pre-existing in the corpuscles within the living vessel, yet we may infer 
from these experiments that differences of some kind pre-exist, and 
that the blood really contains a mixture of —! of different 
specific capacities. 


Description of the individual experiments. 
- The details of each experiment were as follows :— 


EXPERIMENT I. 


About one litre of ox-blood, obtained from the slaughter-house, was 
defibrinated and placed on ice over-night. After about 20 hours from the 
time when it was taken the blood was centrifugalised for 3 hours, The clear 
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serum occupying the upper parts of the tubes was then removed, and the 
upper and lower halves of the corpuscles siphoned off into separate vessels. 
The upper and lower were then replaced in separate tubes, and again 
centrifugalised for two hours. The corpuscles at the end of this time were 
again divided. The upper halves of those tubes which contained the upper 
stratum from the first division, and the lower halves of those tubes which 
contained the lower were taken for examination. 

‘To the upper corpuscles 4, and to the lower } of their volume -7°/, salt 
solution was added. The diluted corpuscles were then saturated with air, 
and portions taken for the estimation of the oxygen and the iron in the 
manner already described. 


Table of Results. 
EXPERIMENT II. 


The blood was in this case taken from the carotid of a dog, which had 
already been bled about three weeks before the date of the experiment. 
After the centrifugalising, which was carried out as soon as possible, the 
corpuscles were divided into an upper and lower half, which were diluted 
with salt solution, and examined in the usual way. For comparison with 
the separated corpuscles a portion of blood, which had _— taken before the 
centrifugalising, was analysed. 

Here the results did not show that the strata differed in their specific 
oxygen capacity. 


Table of Results. 

Oxygen Iron Specific Specific Diameter of corpuscles 

100 vols. 106 vols. gravity | capacity Upper Lower 
Upper 14°95 | 0°0418 | 1039 | 862 6x15= 90 | 6x 9= 54 
Lower 20°13 | 00565 | 1046 356 | 7x48 = 386 7x68 = 476 
Original blood) 17°88 | 00496 | 1051 860 8x87 = 296 8x23 = 184 

722 714 
Average = Average = 


EXPERIMENT III. 


Ox-blood, obtained straight from the slaughter-house, was centrifugalised 
for two hours, The corpuscles were then divided into 3 layers,—the upper }, 
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lower 4, and middle 3. The middle portion was diluted with about half its 
volume of normal salt solution, and examined in the usual way. A double 
_ determination was made of the oxygen absorbed. 

The upper and lower strata were again centrifugalised, and the upper } 
of the tubes containing the upper corpuscles, and the lower } of those 
containing the lower, were diluted with an equal volume of salt solution, and 
examined as usual. 


Pable of Results. 
Oxygen Iron Specific aie Diameter of corpuscles 
100 vols. | 100 vols, | Stavity city Upper Middle Lower 
Upper 00536 | 1042 | 885 | 4x18= 52 | 4x 8= 12 4x 12 
& x 
Lower 11°83 | 0°0506 1087. | 872 |6x29=174 | 6x27=162 | 7x l= 7 
516 524 545 
EXPERIMENT IV. 


Fresh ox-blood was centrifugalised for two hours. The corpuscles were 
divided into an upper and lower quarter, and a middle half. Each of these 
portions was diluted with about an equal volume of °7°/, salt. solution, shaken 
at 16°, and examined as usual. Part of the middle portion was kept for a 
night in the cold, and a second determination of the oxygen absorbed on 
saturation with air was made next day. 


Table of Results. 
Oxygen Iron Specific ——— Diameter of corpuscles 
106 vols, 100 vols. gravity capacity Upper Middle {. Lower 
16° xo= x5= xo= 
Middle | 16-51 | ‘0460 | 10388 | 359 | ¢-998 | 61x6=366 | 45x6=270 
Lower 18°70 | 0555 | 1042 337 8x7= 21 4x7= 28 
Mean= 55 Mean Mean = 


EXPERIMENT V. 


Ox-blood, kept in the cold since the preceding day, was centrifugalised for 
three hours, and the corpuscles divided into five equal parts, of which the 
uppermost, middle, and lowermost were diluted with ‘7°/, salt solution, 
saturated with air at 14° C. and examined as usual. The two intermediate 
parts were thrown away. 
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Table of Results. 
Oxygen Diameter of corpuscles 
100 vols. gravity Upper Middle Lower 
U 17°31 1042 4x 6= 4x 2= 8 5x26=130 
Middle 19°34 1045 5x 46—225 | 5x21=105 | 6x 69=—414 
Lower 23°54 1050 6x 49=294 | 6x 72=482 | 7x 5= 365- 
— 7x 4= 28 — 
8x l= 8 : 
543 581 


EXPERIMENT VI. 


500 c.c, of blood, taken from the carotid artery of a young dog, were at 
once centrifugalised for two hours. The corpuscles were divided into three 


ual parts, and each part diluted with about an equal volume of ‘7°/, salt 
oaition, saturated with air at 12°C., and examined as usual. 


The iron 


determinations, and one of the oxygen determinations, were double. 
Table of Results. 
Oxygen Specific Diameter of corpuscles 
100 vols. gravity Upper Middle Lower 
| 6x29=174 | 5x l= 5)5x 5 
| wap | | | feet | | 
8x15= x59=413 | 7x 63= 
Middle — | 8x27=216 | 8x 21=168 
Lower 1039 704 
17-95 686 _ 712 704 
Mean=755 Mean=755 Mean=775 


experiment VI, but two days later. 


500 c.c. of blood were taken from the carotid artery of the same dog as in 


The blood was at once centri 


for 2} hours. The proportion of corpuscles to serum was considerably less 
than in experiment VI. The corpuscles were divided into an upper, middle, 
and lower third, each of which was diluted with about an equal volume of 
‘7°/, salt solution, saturated with air at 15°9°, and examined as usual. 


Table of Results. 
106 vols. gravity Upper Middle Lower 

Upper 18°10 1045 6x 8= 48 | 6x13= 78 | 6x 2= 12 
Middle 22°79 1050 7x 51=357 | 7x39=273 | 7x 45=815 
Lower 21°42 1048 8x 86=288 | 8x 48=384 | 8x 50=—400 
he 9x 5= 45 —— | 9x B= 27 
785 754 
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EXPERIMENT VIII. 


Ox-blood which had stood in the cold over-night was centrifugalised for 
3 hours. The corpuscles were divided into an upper, middle, and lower third, 
each of which was diluted with ‘7°/, salt solution, saturated with air at 10-5", 


and examined as usual, The iron analyses were double. 


Table of Results. 
Oxygen Specifi Distaéter ‘of 
106 vols, gravity Middle 
4x 8= 382 
Upper | 15°58 1040 5x 51=255 
x 88=228 
Middle | 19°52 1047 7x 8= 21 
Lower | 21°70 1050 536 
Mean 


“EXPERIMENT IX. 

Fresh ox-blood was centrifugalised for 24 hours, and the corpuscles 
divided into five equal parts, of which the uppermost, middle, and lowermost 
were diluted with about an equal volume of -7°/, salt solution, saturated with 


air at 14°, and examined as usual. The two intermediate parts were thrown 
away. All the analyses were double. 


Table of Results. 
Oxygen Specific Diameter of corpuscles 
100 vols. gravity Middle 
4x 3= 12 
Upper 12°06 1035 x 24=190 
x 
Middle | 15°85 1041 
Lower 1801 1048 
588 
Mean=75 


In conclusion we express our very hearty thanks to Professor Bohr for 
the guidance and assistance which h> has afforded us during the whole of 
our experiments, We are also greatly indebted to Dr Jacobson, Assistant 
in the Laboratory, for constant help, —" as regards the iron 
determinations, 
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THE ACTION OF OXALATE SOLUTIONS ON NERVE. 

AND MUSCLE IRRITABILITY AND RIGOR MORTIS. 
By W. H. HOWELL, Professor of Physiology, The Johns Hopkins 
University, Baltimore, A, 


THE experiments made by Mr Eaton ed the author? upon the action 

of oxalated blood on the irritability of heart muscle suggested a similar 
investigation upon nerve fibres and skeletal muscle. The experiments 

were carried out upon frogs and terrapins. A solution containing 

sodium oxalate was irrigated through the capillaries of the nerves and 

muscles, the oxalate being brought by this means into the most intimate 

contact with the tissue elements. With regard to the nerve fibres, the — 

object of the experiments was mainly to determine the effect of the oxa-— | 
lates upon tle nerve current and the negative variation, using these two “3 
phenomena as signs of the living structure and irritability of the fibres. 

In the experiments upon muscle, attention was directed chiefly to the 

effect of the irrigation upon irritability and the power of the muscle of 

entering into the condition of rigor mortis. With reference to this last 

point, recent experiments by Cavazanni* have seemed to show that 

after the action of oxalates, rigor mortis is impossible. The author of 

this paper had expected merely to corroborate this result, but his 
experiments, on the contrary, gave results entirely opposed to those 

obtained by Cavazanni, as will be described in the proper place. 


Action of sodium owalate on nerve fibres. 


In these experiments the animal was first pithed, and the blood- 
vessels were then irrigated from the bulbus, first with 0°6°/, NaCl and 
next with sodium oxalate solutions. The nerve made use of was the 
sciatic and the idea of the experiment was that the irrigating liquid 
would flow through its capillaries, and thus thoroughly penetrate the 


4 Howelland Eaton. This Journal, xiv. 219. 
2 Cavazanni, Archives Ital, de Biologie, xvimt. 156, 
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substance of its fibres. Sodium oxalate solutions of various strengths 
were used, sometimes with and sometimes without a small percentage 
of sodium chloride. The liquid finally selected as the one most suitable 
for the purpose in view was a 0°4°/, solution of sodium oxalate. This 


solution was carefully filtered and every precaution was taken to avoid 


any clogging of the blodd vessels. - 

The course of an actual experiment was as follows: the animal was 
first. washed out with normal saline, and was ‘then irrigated with the 
sodium oxalate solution; when the 0°4°/, solution was used, the irriga- 
tion was kept up for about one hour. The sciatic of one side was then 
exposed, and its irritability was tested in situ by stimulation with | 
induction shocks from a Du Bois Reymond coil; it was then re- 
moved and its nerve current and negative variation determined. The 
leg from which the nerve had been removed was ligated, its blood 
vessels were washed out with normal saline to remove the oxalate, and 
afterwards it was irrigated for a number of hours with a solution 
containing calcium salts. Calcium solutions of different kinds were 
used, but Ringer’s mixture gave as good results as any. Finally the 
sciatic nerve of this side was also exposed and examined as to its 
irritability and nerve current. A capillary electrometer was used to 
measure the nerve current and negative variation. The arrangement 
of the electrometer was substantially that figured and described by 
Edes’. The readings of the variations of the mercury column were 
made by means of a micrometer eye-piece, and the strengths of the 
currents observed are given in divisions of the scale of this eye-piece. 
Inasmuch as the different experiments occurred at intervals of a number 
of days, it was found advisable to construct a new capillary for each 
experiment. For this reason the results obtained in the various 
experiments are not comparable among themselves as to the absolute 
values of the currents, the electrometer in some cases being much more 
sensitive than in others, In all the later experiments the delicacy of 
the electrometer was tested, whenever used, by a normal nerve taken 
from a freshly killed frog. Non-polarizable brush electrodes were used 
in all cases to connect the nerve with the electrometer, and the amount 
of current due to them, if any, was determined beforehand. In making 
readings of the currents and negative variations, a commutator was 
used so as to get an ascending as well as a descending current. © 

‘Results of experiments. [Fifteeu experiments were made in all. 
The results varied somewhat in character in each experiment, but the 
1 Edes, This Journal, xu. 431. 
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main facts were constant throughout. The more important conclusions 
reached, are as follows: 

1. Irrigation of a nerve with dilute solutions of sodium oxalate 
destroys completely its irritability toward electrical stimuli, as shown by 
the absence of a negative variation, without, however, actually killing 
the nerve, since a well-marked natural or demarcation current is still 
present. To illustrate this point one of the experiments may be quoted 
in full. This particular experiment was especially satisfactory, owing to 
the unusually sensitive condition of the electrometer. 

June 9. Large bull-frog—operation as described above—irrigation 
very free and continued for one hour. Nerve then exposed and stimu- 
lated but obtained no muscular response ; nerve removed to electrometer 
for examination. The results of this examination are compared with 
_ those obtained from a normal nerve. 


Demarcation current Negative Variation 


up down up down 
Normal nerve 80 80 6 6 
Irrigated nerve 26 28 


If the so-called natural nerve wei: is in reality a demarcation 
current arising from a difference in electric potential between two points | 
of the nerve, one of which is dying or dead as compared with the other, 
it becomes interesting to find that the oxalated nerve still shows this 
current although incapable apparently of functional activity. Another 
illustration of this same fact is found in the well-known peripheral 
action of ether on nerve fibres. The local action of ether suspends 
functional activity and causes the negative variation to disappear, 
although a strong demarcation current may still be shown. 
The loss of irritability in the oxalated nerve may be explained as 
due to the direct action of the oxalates on the nerve tissue or as the 
result of the precipitation of the calcium salts in the tissue. This latter 
supposition is the natural one to make, and although it cannot be 
actually demonstrated it is rendered probable by the experiments before 
quoted, made by the author in connection with Mr Eaton upon the 
frog’s and terrapin’s heart. It may be stated that in these experiments 
the heart was irrigated with defibrinated blood or blood serum to which 
sodium oxalate had been added in quantities sufficient, in the case of 
the frog, to make a 0°1°/, solution. Most of this was used up in the 
precipitation of the calcium salts of the blood so that in all probability 
only a very slight excess of oxalate remained in the blood. Neverthe- 
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less such a liquid stopped the heart in a very short time, without 
however, permanently injuring it, since the addition of a little calcium 
chloride to the liquid quickly started the heart beating again with force 
and regularity. The promptness with which irritability is restored by 
the calcium salt makes it improbable that the oxalate acts otherwise 
than by precipitating the calcium in the heart tissue. Similar efforts to 
restore the irritability of the oxalated nerve were not successful, owing 
apparently to the difficulty of getting the calcium salts into the tissue. 
After the animal had been irrigated with sodium oxalate for an hour or 
more, an infiltration of the tissues of the limbs and trunk became 
apparent, and increased rapidly during the circulation of the calcium 
solution, It is quité probable that, owing to this great cedema, the 
capillary circulation in the nerves, as well as in the other tissues, was 
seriously impeded. When, under these circumstances, the calcium solu- 
tion was allowed to pass through the vessels, there would be difficulty 
in its filtering into the tissues against the pressure existing there, and 
a certainty, likewise, that a portion at least of what got through would 
be precipitated as an insoluble oxalate. In the frog’s heart, where 
these difficulties do not exist, no trouble at all is experienced in restoring 
the irritability after it has been destroyed by the circulation of an 
oxalated blood serum. 

Whether or not these explanations are correct, it remains certain 
that all efforts to restore the irritability of the nerve fibres in this way 
were unsuccessful. In the case of the skeletal muscle a partial success — 
was reached—in some instances there was a distinct recovery of irrita- 
bility, although never anything like a complete return’ to the normal. 
These results will be referred to again in the section treating of skeletal 
muscle, 

2. Nerve fibres after irrigation with sodium oxalate lose their 
demarcation current more rapidly than the normal nerve. In a number 
of cases the nerve after being irrigated with sodium oxalate for about an 
hour, until the negative variation had entirely disappeared, was kept in 
a moist chamber and tested at certain long intervals to measure the 
decadence of the natural current. At gach test a fresh section of the 
end of the nerve was made, and for the sake of comparison, a normal 
nerve was examined at the same intervals. The results were quite 
uniform. The normal nerve exhibited first a marked increase in 
irritability as shown by an increase in the strength of the negative 
variation. After reaching its maximum, this increase was followed by a 
decline, which practically reached zero after sixty to — hours. This 

PH. XVI. 31 
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temporary increase in the irritability of a nerve after severance from the 
body, has been described before. | 
~The demarcation current of the normal nerve showed, also, as a rule, 
first, an increase and then a progressive decrease, although in somé cases 
there was a fall from the beginning, as far as could be determined by 
the few observations (usually three or four) made upon each nerve. As 
for the irrigated nerve, the natural or demarcation current in all the 
cases examined decreased rapidly to the zero point. For example, in 


the case before cited in which the electrometer was unusually sensitive, 


the ne figures were obtained. 
; Demareation current Neg. Variation 

Normal nerve 80 64 
After 22 hrs. 84 9 

163 1 
Irrigated nerve 27 0 
After 22 hrs. 8 —0 

» 50 ,, 0 0 


8. The loss of irritability in the neuro-muscular apparatus affects 
first the endings of the nerve in the muscle. This fact was demon- 
strated in a number of experiments in which it was found that if the 
irrigation of oxalate was stopped at a certain point, stimulation of the 
nerve while in situ caused no muscular contraction although direct 
stimulation of the muscle gave a feeble contraction, and the nerve when 
removed and connected with the electrometer showed a distinct negative 
variation. Since in these cases the nerve fibre and the muscle fibre 
were directly irritable, the break in conveying the impulse from one to 
the other was most probably in the nerve endings. This only serves to 
corroborate what Wertheimer and others have shown, namely, that 


the end plates form the most sensitive and easily injured part of the — 


nerve-muscle apparatus. 


The effect of prolonged irrigation of the nerve with normal saline. 


4, In the case of the heart, long-continued irrigation with 0°6°/, 
NaCl solutions will suspend the irritability of the heart muscle. This 
result may be explained by supposing that the soluble calcium salts in 
the heart tissue are marked out in the stream of saline, The idea 
suggested itself therefore that the irritability of the nerve fibres might 
be destroyed in the samé way. On a priori grounds, however, it is 
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likely that it would be much more difficult to wash out completely the 

nerve fibres, since the access of the circulating liquid to the irritable 
nerve substance is in all probability far less direct and free than in the 
spongy substance of the heart. Two experiments of this character 
were made ; in the first, the irrigation was continued for six hours, and 
in the second, for ten hours. At the end of the first experiment 
scarcely any effect of the prolonged washing could be detected except 
the extreme infiltration of the tissues with the saline. The muscles of - 
the fore leg responded to direct stimulation less readily than before, but 
the nerve was quite irritable, and when removed and connected with 
the electrometer showed a good natural current and negative variation. 
The figures were as follows: right side, nerve current 20, negative 
variation, 14; left side, nerve current 15, negative variation 1}. In the 
second experiment the irrigation was maintained for ten hours, and the 
frog was then allowed to remain over night (15 hrs.) before an exami- 
nation was made. The nerve was exposed and stimulated, but no 
response was obtained. When the electrodes were applied directly to 
the muscles of the legs, a distinct though feeble contraction followed. 
The nerve was then removed and connected with the electrometer, 
the result was a fair nerve current (24), and a negative variation of 
1}. These figures it must be borne in mind are not comparable with 
those of the six hour experiment, the electrometer in this case being 
much more sensitive, being, in fact, a capillary, which, with a normal 
nerve, registered over seventy divisions for the nerve current, and five | 
for the negative variation. From the results just stated, it seems 
evident that the irritability of the end plates had been destroyed, while 
that of the nerve and muscle fibres had been weakened only. There 
can be little doubt that if the irrigation could have been continued 
longer a complete disappearance of the negative variation would have 
followed. No attempt was made to keep up the irrigation for more 
than ten hours, the difficulty being that at the end of that time the 
infiltration of the tissues was so extreme that the circulation was 
practically blocked, and there seemed to be no use in continuing the 
experiment. The effect obtained cannot be attributed to the fact that 
the animal had been killed for some hours, since a nerve allowed to die 
while immersed in normal saline will show an increase in irritability 
rather than a decrease after twenty-four hours. As far as they go the 
results support the hypothesis which suggested them. 
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Action of the sodium osaate om th irritability and rigor mortis of 
skeletal muscle. 


When a frog is irrigated with oxalate solutions in the manner 
described above, the muscles are affected quickly, and in a peculiar 
manner. With 0°4°/, solutions of sodium oxalate, twitching movements 
of the toes begin in a few minutes, and soon extend to the muscles of 
the legs and trunk. In my experiments these movements varied in 
character. In some cases they were violent; strong convulsive contrac- 
tions of the muscles and limbs followed each other rapidly and were often 
so violent as to throw the animal out of the position in which it was lying, 
the convulsions resembling somewhat those caused by strychnine. In 
other cases, the movements were much more gentle, being limited to 
slight twitchings of the toes and the separate muscles of the legs and 
trunk. The violent tetanic contractions had the appearance of being 
caused by stimulation of the cord. This seemed certain, not only from 
_ the coordinated character of the movements, but also because shutting 
off the circulation from one of the legs after the manner of Bernard’s 
curare experiment, did not prevent the occurrence of contractions in 
that leg. Why the convulsive movements should have appeared in 
some animals and not in others, was not apparent, but inasmuch as the 
experiments were made in spring and early summer, it is possible that 
the nutritive peculiarities of the spring frog are sufficient to account for 
the difference, As for the twitching movements of the toes and single 
muscles, they continued for a comparatively short time, one half-hour or 
less, and were probably due to the action of the oxalate directly on the 
muscles or on the nerve endings. 

A recent paper by Locke’, which was first seen after these experi- 
ments were completed, promises a detailed account of the muscular 
movements caused by the oxalates, so that any further description of 
them here may be omitted. It may be remarked, however, that experi- 
ments of the kind described by Locke, ought to be made upon curarized 
muscle in order to eliminate the possible effect upon the nerve endings. 
In those experiments in which a calcium solution was circulated through 
the muscles after the irrigation with sodium oxalate had been com- 
pleted, it was noticed that the calcium salts also set up similar 
twitching movements lasting for a short while. As far as the irritability 
of the muscle is concerned, the oxalate solution soon caused it to 
disappear entirely, that is, as far as could be determined by electrical 


1 Locke. This Journal, xv. 119. 
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stimulation. No attempt was made to determine the presence or 
absence of a muscle current and negative variation. Subsequent 
irrigation with calcium solutions brought about in some cases a distinct 
though incomplete return of irritability, while in other cases it had no 
effect at all, a difference which Cavazanni has already noticed. The 
partial failure in some cases and the complete failure in others are 
probably to be explained by the difficulty of getting the calcium salts 
into the muscular substance. What has been said above with reference 
to this difficulty in connection with the nerve fibres, applies equally well 
to the muscular tissue and need not be repeated here. 

The main object of the experiments made upon muscles was to test 
_ the correctness of Cavazanni’s assertion that injection of oxalates into 
the blood vessels of a frog’s muscle prevents it from going into rigor 
mortis. Twelve experiments were made. In each the animal was 
irrigated with the oxalate solutions as previously described. The 
gastrocnemius of one side was first removed enveloped in its skin; 
it was suspended in a moist chamber, and attached to a lever so as to 
get a record of its movements. The stump of this leg was ligated 
securely, and the animal was then irrigated, first with normal saline, 
and then with oxalate solution, 0°4°/,. The oxalate solution was allowed 
to circulate until the muscles of the leg bad lost completely all irrita- 
bility toward electrical stimulation from an induction coil. The 
gastrocnemius muscle of this leg, enveloped in its skin, was then 
removed also and suspended in a moist chamber. The levers attached 
to the muscles were usually after-weighted and were made to write 
upon the smoked paper of a drum kymograph. In two experiments an 
eight day cylinder was used, so that the whole curve of rigor was 
obtained; in the others, however, the records were taken upon a 
stationary drum which was moved by hand at intervals of two to three 
hours during the day. From these records the curves of rigor were 
afterwards constructed. | 

Sodium oxalate solutions were used in seven of the twelve experi- 
ments, potassium oxalate in three, and ammonium oxalate in two. In 
all of the sodium oxalate experiments the rigor contraction of a normal 
gastrocnemius from the same animal was obtained for comparison ; this 
control was also made in one of the potassium oxalate and one of the | 
ammonium oxalate experiments. 

As to the results of the experiments it was found that in every 
case the oxalated muscle went into rigor mortis. In every 
experiment but one the oxalated muscle began to shorten 
before the normal muscle. A tabulated record of the results 
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obtained is given below, showing the time of development of rigor and 
also the extent of shortening. It should be stated that in the first 


four experiments the shortening as measured on the drum was 


magnified eight times by the length of lever used, while in the last 
eight experiments the lever was somewhat shorter. Experiments 5, 6, 
7,8 I owe to the kindness of Mr Siegerfoos, & — student in 
this 


Extent of 
Exp.| Condition of muscle | tigorin tra. | Remarks 
1 Normal Rigor had not begun after 
Sod. oxalate 0-4 °/, 16 40 72 hrs, : 
2 Normal 45 65 34 
Sod. oxalate 0-4 °/, 21 45 
3 Normal 16 30 70 
Sod. oxalate 0°4°/, | 4—17* 19 
4 Normal 36 44 42 
Sod. oxalate 0°4 °/, 24 42 21 
5 Normal 16 96 30 
Sod. oxalate 0°4°/, | O—45* 80 24 
6 Normal 62 89 26 | In this experiment the mus- 
Sod. oxalate 0°4 °/, 14 29 5 cles were _— with 10 
7 Normal 70 113 22 eee 
Sod. oxalate 0-4 °/, 88 112 17 
Normal 48 101 32 
Pot. oxalate 0°4°/, | 1—65* 94 28 
9 —— At once 72 24 | a Without wt. Very large frog 
ie 0—24* 84 19 b Wt. of 10 grms + wt. of lever 
10 | a Pot. oxalate O-4 | O—45* 78 28 | a Without wt. Small frog 
a 0—53* 77 9 | & Wt. 10grms-+ wt. of lever 
11 Normal 3—78* 120 15 
Am, oxalate 0°4°/, 1 5 13 
12 | Am. oxalate 0°4°/, 2 21 il 
| ” ” 2—48* | 69 19 


* The double figures indicate that there was first a slight shortening followed later by 
a second shortening which then continued to the maximum. 


The following general observations are suggested by a study of the 


table or of the curves constructed from the records. The curve of rigor — 


is extremely variable both in the normal and the oxalated muscle, the 
variability being apparent in the time of beginning of rigor, in the 
extent and rapidity of shortening, and in the time and rapidity of 
relaxation. In the normal muscle the time of the first appearance of 
rigor varied from 16 to 78 hours after removal from the body. In the 
oxalated muscle although rigor usually began earlier, the limits ob- 
served were from 0 to 88 hours.. In the oxalated muscle the 
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shortening often began quickly, perhaps immediately, after the muscle 
was suspended, but usually this initial shortening was comparatively 
slight and soon ceased. The muscle might remain in this condition a 
number of hours before the final rigor contraction began. In other 
cases the initial shortening passed directly into the final contraction. 
In the normal muscle there was in some experiments a slight contrac- 
tion followed by a relaxation occurring before rigor had definitely set 
in, while in other cases in which the muscle was not after-weighted an 
extension occurred just before the rigor shortening began. The maxi- 
mum shortening of the oxalated muscle was in every case less than in 
the normal muscle from the same animal used as a control, but the 
difference was often quite small, as may be seen by consulting the table. 
The energy liberated in the oxalated muscle during the onset of rigor _ 
is apparently less, as far as the performance of mechanical work is con- 
cerned, than in the normal muscle. It was noticed in three experiments 
that the addition of a comparatively small weight to the lever reduced 
very markedly the extent of the shortening (Experiments 6, 9, 10). 

In the action of oxalate solutions upon muscle and nerve there are 
certain points of resemblance which may be mentioned. In each, 
irritability is quickly destroyed but the tissue does not at once lose 
entirely the structure characteristic of organized matter. This is made 
probable by the fact that the nerve fibre still shows a demarcation 
current, and the muscle fibre is still capable of undergoing rigor mortis. 
The action of the oxalates, however, accelerates in each case the 
disorganization of the living structure of the tissue ; rigor sets in more 
rapidly in the muscle and the demarcation current disappears more 
quickly in the nerve. 

The important fact brought out in these experiments is that the 
action of oxalate solutions upon skeletal muscle may be carried far 
enough to destroy completely its irritability toward electrical 
stimulation without injuring or, at least, destroying its pro- 
perty of entering into the condition of rigor mortis. 

It is difficult to explain why Cavazanni should have obtained such 
different results. In the brief account of his work which has been 
accessible to the author of this paper, it is stated that only 1 cc. of a 
5°, solution of potassium oxalate was injected into the blood vessels of 
the frog, this amount being sufficient to cause loss of irritability and to 
prevent the muscles from going into rigor mortis. In my experiments 
on the contrary, the muscles were thoroughly irrigated with many c.c., 
100 to 500 c.c., of a 0°4°/, solution of sodium, potassium, or ammonium 
oxalate. As far as the action of the oxalic acid in precipitating the 
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calcium is concerned a more complete result ought to have been 
obtained by the latter method. Upon what point the difference in the 
results depends will have to be made the subject of another investigation. 
It seems safe to assert that the prevention of rigor mortis in Cava- 
zanni’s experiments was not caused merely by the precipitation of the 
calcium. Cavazanni cites his experiments as additional proof of the 
correctness of Hermann’s theory of muscular contraction. This theory, 
it will be remembered, holds that rigor mortis and normal contraction 
are essentially similar processes, the underlying chemical changes being 
closely related and in part identical. While it is not strictly logical 
to claim that the effect of oxalate solutions, as described in this paper, 
is due entirely to the removal of calcium, this is, at least, a highly 
probable explanation. Making this assumption it would seem at first — 
sight that normal contraction and rigor mortis cannot be essentially 
similar phenomena, since one requires the presence of calcium salts and 
the other does not. However correct this conclusion may be it is not a 
necessary outcome of the assumed explanation of the action of the 
oxalates. For it is possible to conceive that in the case of muscular 
contraction the calcium may be necessary only to the inauguration of 
the katabolisms of contraction, that is, necessary to the display of 
irritability by the muscle, while in rigor essentially similar katabolisms 
may be brought about by the slower changes of protoplasmic death. 
Such an hypothesis, however, is at present entirely speculative and not 
worthy of serious consideration. Mention is made of it simply to 
indicate that prevalent ideas of the relationship between muscle con- 
traction and rigor are not of necessity affected one way or the other 
by the results described in this paper. The necessity of calcium salts 
to the manifestation of irritability by muscle and nerve is, however, a 
justifiable conclusion. It comes into line with many facts which are 
known with reference to the importance of calcium in the tissues. 
There is, in fact, an increasing amount of evidence tending to show that 
calcium salts are peculiarly related in some way to the manifestation of 
vital irritability in general, and much of this evidence we owe to the 
experiments of Ringer. This peculiar value of calcium has been 
indicated for the heart’, for skeletal muscle*, for nerve fibres, for 
developing ova’, for chlorophyl-containing plants‘, etc., but we must 
wait for a wider knowledge of the subject before an adequate explana- 
tion can be offered. : 


1 Ringer. This Journal, Vols. m1. 1v. v. and Howell and Cooke. This Journal, 
Vol. xrv. * Locke. This Journal, Vol. xv. 119, 
* Ringer. This Journal, Vol. x1. 79. * Loew. Flora, 1892, p. 368, 
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NOTE ON THE CHEMISTRY OF MUSCLE. By ARTHUR 
WHITFIELD, M.D., Medical Registrar, King’s College Hospital. 


PREVIOUS investigators have shown that nucleo-albumin is the most 
important proteid obtainable from many cellular tissues and organs 
(lymph glands, thymus, liver, kidney, testis, etc.). In the light of this 
work it appeared necessary to find out whether muscle contains any 
nucleo-albumin. 

The only previous research at all bearing upon this question seems 

to be that of Kossel’, who states that adenine, a base derived from 
nuclein, cannot be obtained from muscle, from which it appears, he 
states, that muscular fibres have lost not only the morphological 

- characteristics of cells to a great extent, but also some ba their chemical 
‘distinctions. 

In the recent work of Chittenden and Casati on the com- 
position of myosin, no search appears to have been made for phosphorus. 
Kiihne and Chittenden* further state that myosin leaves a considerable 
residue after digestion with artificial gastric juice. This residue is only 
partially soluble in pancreatic juice but it was not further investigated. 

Accordingly, at Professor Halliburton’s suggestion, , attempted to 

~find an answer to the following questions :— 
(1) Is myosin a nucleo-albumin ? 
(2) If not, does muscle yield any nucleo-albumin ? 
(3) Does muscle yield any proteose (albumose) or peptone ? 

The third question is not connected with the first two. It, however, 

appeared necessary to investigate this point afresh, because, — 


1 Zeit. physiol. Chem, x. (1886), 248. 

2 Studies from the Laboratory of Physiological Chemistry of Yale University, Vol. m1. 
(1887—8), p- 115. 

3 Ibid. p. 147. 
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Halliburton’ stated at one time that one of the proteids of muscle 
plasma is a proteose, better methods have been recently introduced 
which render the solution of this difficult question easier. 

The answer to all three questions was found to be in the negative. 
I append illustrative experiments. The grounds for this conclusion 
may be briefly stated as follows :— 

(1) Myosin is not a nucleo-albumin ; 

(a) It contains no appreciable quantity of phosphorus in its 
molecule. (Experiment 3.) | 

(b) On gastric digestion, only an insignificant residue is ob- 
tained, and this contains no phosphorus. (Experiment 1.) | 

(c) On being injected into the circulation of a living rabbit, it 
produces no intravascular coagulation. (Experiment 2.) 

(2) Muscle contains no nucleo-albumin_ because, after gastric 
digestion, it yields only an insignificant redidue and this contains no 
appreciable quantity of phosphorus. (Experiment 4.) 

(8) Devoto’s modification of the ammonium sulphate method 
for the detection of proteoses and peptone, and also the trichloracetic 
acid method with the modification of filtering hot as suggested by 
Martin’, show that proteoses and peptone are absent. (Experiment 5.) 


EXPERIMENT 


The skeletal muscles of a dog having been first well washed in situ, 


immediately after the death of the animal by flushing the vascular system 


with 0°65°/, salt solution, were finely chopped and thrown into thymolized 
water for further washing. The water was frequently changed until the 
washings gave only a faint turbidity with nitrate of silver. The washed 
muscle was then extracted with 15°/, ammonium chloride solution for two 
days ; the usual opalescent solution thus obtained was filtered through paper 
and the myosin precipitated by saturating the filtrate with sodium chloride. 
This precipitate was collected, dissolved in a small quantity of water and 
reprecipitated by throwing into a large bulk of water. This latter precipitate 
was found to be very difficult to separate and it was found that separation 
could be effected much more easily after the addition of a small quantity, 


about one-sixth of the whole fluid, of alcohol. 


The precipitate thus collected was thoroughly washed with boiling alcohol 
to remove lecithin and then washed with water slightly acidulated with 


On This Journal, Vol. vm. 197. 
* Martin. Ibid. xv. (1893), p. 378. 
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hydrochloric acid to wash away phosphates. The pure myosin thus obtained 
was then dried and weighed and found to be 2-038 grammes in weight. 

The dried myosin was finely powdered and digested with artificial gastric 
juice and only a very insignificant deposit was left at the end of about forty- 
eight hours’ digestion, This deposit was carefully collected and tested for 
phosphorus as follows :— 

The deposit was first heated on a water-bath with strong nite acid for 
some hours until a clear yellowish fluid was obtained; more nitric acid being. 
added to supply the loss by evaporation. The fluid thus obtained was 
evaporated down somewhat and then a small quantity of distilled water and 
pure sulphuric acid added and evaporation continued until carbonization 
took place. More nitric acid was then added, little by little, until a perfectly 
clear and almost colourless solution was obtained. The solution thus prepared 
_ was further heated on a water-bath with nitric acid and ammonium molyb- 
- date but gave only the faintest yellow colour and none of the characteristic 
yellow precipitate after some hours’ treatment. 


EXPERIMENT 2. 


Some of the purified myosin before the addition of the alcohol was 
dissolved in 10°/, sodium chloride solution and injected into the jugular vein 
of a rabbit with the result that, although the animal died after the injection 
of 30 c.c., no clotting was found within the vascular system. There was also 
- none of the characteristic exophthalmos which is a marked symptom when 
thrombosis occurs after injection of nucleo-albumin. 

The animal was anzsthetised with ether, and this experiment was kindly 
performed for me by Dr Brodie. 


EXPERIMENT 3. 


Another pen of myosin was prepared from the muscles of the hind legs 
back of a rabbit. 

The method used was the same as that followed in the first case, except 
that gastric digestion was not performed. 2-587 grammes were tested for 
phosphorus by the above method. Only a slight yellow coloration of the 
fluid took place as before and there was no yellow precipitate. 

\ 
EXPERIMENT 4. 

‘The muscles of a rabbit’s back and hind legs were again selected and after 
having been carefully cleaned were chopped up and subjected to artificial 
gastric digestion in flasks for several days, the clear fluid being filtered off and 
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490 WHITFIELD. 
any precipitate being carefully washed back into the flasks with fresh artificial 
gastric juice. 


So treated the gave very residue,’ which, 
when collected, washed with hot alcohol and dried weighed 0:317 gramme, 
about half-a-pound of fresh muscle having been originally taken. 

The residue was again tested as before for phosphorus but no precipitate 
was formed and only the slight yellow colour as noticed previously. | 


EXPERIMENT 5. 


To determine the presence or absence of peptone and protecse in muscle 
the following procedure was adopted. 

A large quantity of rabbit’s muscle was taken immediately after the death 7 
of the animal and finely chopped and placed in a large pestle and mortar with 
some 0°65°/, sodium chloride solution, The muscle was then pounded up 
for a considerable time and the liquid part of the mass strained off and 
filtered. 

The liquid so obtained was then divided into three parts, To the first 
part an equal volume of 10°/, solution of trichloracetic acid was added to 
precipitate the ordinary proteids and the fluid filtered hot. The filtrate did 
not give the biuret reaction nor any precipitate with nitric acid and with sa 
xanthoproteic test only a faintly yellow colour, 

To the second part trichloracetic acid was added as before but the fluid 
was filtered cold and submitted to the same tests with the same results, 

The third part was saturated with ammonium sulphate, boiled and 
filtered ; the filtrate contained no proteid and therefore peptone was absent. 
The precipNate on the filter was then extracted with hot water to dissolve out 
proteoses should any be present. But these were absent, as the extract gave 
none of the proteid tests. 


May 8, 1894, 
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On the Physiological Action of Extract of the Suprarenal Capsules. 
G. Oxrver and E, A. Scuirer, F.R.S, brought forward the following 


communication :— 


The suprarenal capsules yield to water (cold or hot), to alcohol or to 
glycerine a substance which exerts a most powerful action upon the 
blood vessels, upon the heart, and upon the skeletal muscles. These 
effects have been investigated upon the dog, cat, rabbit and frog. 
In the frog the solutions were injected into the dorsal lymph-saé, in the 
rabbit subcutaneously and into a vein, in the other animals into a vein. 
The alcohol extracts were first dried and the residue extracted with — 
normal saline; the watery decoctions were made with normal saline, 
and the glycerine extracts were largely diluted with the same previous 
to injection. The doses employed have varied from a mere trace up to 
an amount of extract equivalent to 3 grains (0°2 gramme) of the fresh 
gland; in one or two instances we have given larger doses with the 
object of obtaining if possible a lethal result. The extracts used have been 
made from the suprarenals of the calf, sheep and dog, Exactly similar 


effects have been obtained in each case. | Except in the case of the frog 


we have not obtained any marked effect from subcutaneous injections 
of comparatively small doses. We are, however, able to confirm the state- 
ment of Foa and Pellacani that hypodermic injections of the aqueous 
extract produce death in 24 hours in the rabbit; but a large dose, 


equal to 50 grs. of the gland, was necessary. Even after intravenous 


injection the symptoms entirely pass off after a few minutes, ee 
that the poison must be rapidly eliminated. 
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The effect wpon the blood vessels is to cause extreme contraction of 
the arteries, so that the blood-pressure is enormously raised. This 
is most evident when the vagi are cut in order to obviate the inhibitory 
action upon the heart which otherwise occurs; it is also seen after 
section of the cervical cord. The blood-pressure may rise from 2 to 4 
times above normal. This extreme contraction of the vessels is 
evidenced by the plethysmograph; section of the nerves going to 
the limb produces no difference in the result’. The effect is therefore 
peripheral. This can also be shown in the frog with its nerve-centres 
destroyed, and through the blood vessels of which normal saline is 
allowed to circulate ; if only a small quantity of suprarenal extract is 
added to the saline the flow almost entirely ceases. 

The time which elapses between the injection into a vein and the 
first effect upon the blood vessels is in the dog from 25 to 30 seconds. 
But if an experiment has been conducted for some three hours or more, 
the animal during the whole of this time having been under the 
influence of morphia and curare, the contraction of the vessels of a limb 
is preceded by a preliminary expansion, the cause of which is as yet 
not clear. It is however a constant phenomenon. 

Traube’s curves are abolished during the greater part of the time 
that the substance is producing its effect upon the vessels. The 
effect on the heart, as long as one vagus remains uncut, is to produce 
powerful inhibition. During this time the auricles may come to a 
complete standstill, the ventricles continuing to beat with a slow 
independent rhythm. But if both vagi are cut the heart-beat becomes 
greatly accelerated (to twice its former rate) and also augmented ; 
the augmentation showing itself most markedly upon the auricular 
tracing. The latency of this augmented action of the heart is less than 
that of the vascular contraction. So far as we are able to judge from 
one or two experiments which were kindly made for us by Dr Sidney 
Ringer, the direct action of the drug upon the frog ventricle as 
recorded in a Roy tonometer does not appear to be marked. When 
added to: the circulating fluid used for perfusion the extract produced 
only a slight increase in the strength of the beat, and even this was not 
maintained. 

The effect upon the skeletal muscles has been investigated in the 
frog. The movements of a frog to which a hypodermic injection of 
extract of suprarenal capsule (equal to 1 or 2 grains of the fresh gland) 


1 This is the rule, but we have had one notable exception in which in the earlier part 
of the experiment the limb, the nerves of which were cut, showed a large expansion. 
After a short time, however, this passed off and the limbs gave similar curves. 
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have been given soon become slow, and after about half-an-hour the 
reflexes are very faint and almost abolished; the animal soon appears 
completely paralysed. The muscles however still contract on being 
stimulated, either directly or through the motor nerv ut the 
contractions are modified, the relaxation period being greatly prolonged, 
as with veratria poisoning. The period of latent stimulation is not 
| greatly, if at all, lengthened. The fatigue curves were rapidly de- 
| : veloped. The effect is not at all comparable to that produced by 
| We have noticed a slight effect to be produced upon the respiration, 
which may become shallower ; but in the doses we have used the result - 
| ———__ was very slight when compared with the prodigious effects upon the 
heart and blood vessels which were obtained. ‘ 
Although poisonous effects resulting from hypodermic or intravenous 
injections of extract of suprarenal capsules have been mentioned by 
more than one previous observer, we have not been able to find any 
_ record of experiments tending to show exactly what organs were affected, 
nor do such symptoms as have been described by others agree in most 
respects with the changes we have here recorded. As to the chemical 
nature of the active substance we are unable at present to make any 
positive statement, since the process of isolating such a body in a fairly 
pure condition is necessarily slow and difficult. We are, however, able 
to make the negative affirmation that it is not neurin, although neurin 
has by more than one observer been conjectured to be the active agent 
in such extract. For the symptoms produced by neurin do not in any 
way agree with those produced by the active substance in our extract ; 
this we are able to affirm, both from the careful work regarding the 
physiological action of neurin which has been done by Cervello, and 
also by determining for ourselves by the same methods as we have 
employed in investigating the suprarenal extract what is the action of 
neurin upon the several organs. Suffice it to say that the most 
prominent effect produced by neurin is paralysis of the respiration. 
: The effects upon the heart and vessels are relatively slight, and, such as 
: they are, are quite different from suprarenal extract. We have also 
investigated the action of the salts of neurine (phosphate, hydrochlorate) 
and have obtained éxactly the same results as with the base itself. We 
are unable to confirm the statement of Marino-Zuco that the addition 
of either mineral acid or a base to suprarenal extract abolishes its toxic 
properties (which he ascribes to the é seumag of phosphate or glycero- 
phosphate of neurine). 
We are indebted to Mr Moore for the preparations of neurine 
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which we have used, and for much other help in the chemical part 
of the investigation, and to Messrs Willows, Francis and Butler for 
a large supply of glycerine extract and alcohol extract>of calf supra- 


renals, which they have been at much trouble to prepare specially for — | 


this work. We have also tested the effect of a clear watery extract 
obtained from Paris (in a sealed tube) and furnished to us by the 
kindness of Dr Hale White. 


The physiological effect of this solution, as to the mode of prepara- 3 


tion of which we are wholly ignorant, proved to be precisely the same as 
that of our own extracts. 

The above communication was illustrated by two experiments, as 
well as by numerous tracings and photographs of tracings. 


The Structure of the Fovea centralis, 


C. H. Brrp and E. A. F.R.S. showed preparations 
and sections through the fovea centralis of the human retina in which 
the following points were rendered evident :— 


1. Besides the dipping of the limitans interna which constitutes 
the fovea proper, there exists a well-marked dipping inwards of the 
 limitans externa, forming what may be termed an external fovea. 

2. The cone-nuclei at the fovea are not, as is usually represented, 
closely applied to the limitans externa, but gradually leave that layer, as 
the centre of the fovea is approached, the part of the cone-cell between 
the cone proper and the cone nucleus becoming more and more 
elongated, until at the very centre of the fovea the nucleated part 
of the cone-cell is almost, or entirely, sessile upon the external molecu- 
lar layer. | 

3. The inner granules (bipolars) are not wholly absent even at the 
centre of the fovea. 

4. The nerve-cells are not oval bipolar structures such as are 
usually represented in this part, but are rounded bodies with their peri- 
pherally directed process passing vertically into the inner molecular 
layer, as in other regions of the retina. The layer of nerve-cells ceases 
a short distance from the centre of the fovea, but one or two isolated 
cells of similar character may be found even close to the centre. 


On Nucleo-albwmins. 


W. D. Hatuipurton, F.RS., and T. G. Bropie stated that they 
had continued their investigations on the properties of nucleo-albumins 
during the past year. They had previously found that intravascular 
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coagulation is produced not only by Wooldridge’s nucleo-albumins 
(prepared by the addition of weak acetic acid to an aqueous extract of 

organs like the thymus), but also by nucleo-albumins prepared by — 
another method, which may be briefly termed the sodium chloride 
method. They confirmed Wooldridge’s statement that this power is 
lost. after repeated solution and reprecipitation by means of dilute 
solution of sodium carbonate, and acetic acid respectively, and had found 
also that repeated alternate treatment of the nucleo-albumin (prepared — 


by the sodium chloride method) with sodium chloride and water 


produces a similar loss of power. It is this last point, the explanation 
of which they had been seeking during the past year. Their investiga- 
tions were not yet completed, but so far as their experiments (with the 
thymus gland) had at present gone, the cause of the loss of coagulative 
power appears to be due to a removal of the nuclein from the nucleo- 
albumin by the repeated use of sodium chloride. The percentage 
of phosphorus varied from 0°57 in the most active preparation, to 
0°094 in the least active. This could not be due to diminution in the 
quantity of lecithin, as all the preparations had been thoroughly 
extracted with alcohol before the quantitative analysis was made. 


Further experiments upon the reaction of the developing Chick 
to changes of temperature. 


M. S. Pemprey and M. H. Gorpon, made the following communi- 
cation :— 


In a communication given at the Meeting of the Physiological 
Society at Oxford, July 8th, 1893, we described the preliminary results 
of an investigation upon the reaction of the developing chick to 
changes of temperature. We now wish to give some further results. 

The measure employed to test the reaction is the discharge of 
carbonic acid. The apparatus for the determination of the respiratory 
exchange is similar to that used by one of us for investigating the 
reaction-time of mammals to a in the Sapa of their 
surroundings. 

The main results obtained at present show that during the greater 
part of the period of incubation the developing chick reacts as a 
cold-blooded animal ; a rise in the external temperature increases, a fall 
of temperature diminishes the amount of carbonic acid discharged. 
The reaction shows a marked latency of about 30 minutes. The 
following figures may be ” as examples: — 
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Eaa V: oN 16TH DAY OF INCUBATION. 


Consecutive periods of thirty minutes. 


= Temperature CO, discharged 
Experiment of bath grs. 
‘0141 
2 
3 
4 
5 
6: 
7 


[0120] 


Eca V. oN 18TH DAY OF INCUBATION. 


Consecutive periods of thirty minutes. 


discharged 
Experiment of isis 
9 25° 
: 


Towards the end of incubation the developing chick appears to 
pass through a neutral stage, during which a rise or fall of temperature — 
shows no marked effect upon the carbonic acid. The following Table 
is given as an example :— 


Eaa IV. on 21st DAY OF INCUBATION. 


At the beginning of the experiment there was a hole half an 
inch square in the egg; the chick oneitd be seen moving about; it also 
put its beak out of the hole. 


The following determinations are consecutive periods of fifteen 
minutes’ duration :— - 
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2 38° ... 0138 
3 
4 24° 0120 
5 36° 


At the end of the experiment the chick was —_— up in the egg; 
it chirped lustily. 

The following experiment was. now ‘eid upon a ‘iakudles chick 
in Egg IX., on the 21st day of incubation. The chick within the egg 
was first shown to be in this apparently neutral stage; it was then 
taken out of the egg by enlarging the hole, which the chick itself had 
made. The premature chick was now exposed to changes of tempera- 
_ ture_as before, the determination of the carbonic acid showed that it 
reacted as a cold-blooded animal. The chick became very feeble and 
was unable to stand. It was therefore placed in the warm incubator 
and kept there all night. The next morning it had recovered and 
appeared quite well. Its reaction to changes of temperature was 
tested and it was found to react as a warm-blooded animal. Within 
thirty minutes the carbonic acid was increased from ‘0195 grm. to 
‘0282 grm. ; by a fall in temperature from 37° to 23°C. | 

Several other experiments showed that the recently hatched chick 
when in a healthy condition reacted to changes of temperature in a 
manner similar to that of warm-blooded animals. — : 

‘These experiments are being continued to obtain further confirma- © 
tion, and to find out, if possible, the important factor in the change 
from the cold-blooded to the neutral stage, and from that to the 
warm-blooded condition. The experiments, especially the effect of 
shock, lead us to believe that the activity of the neuro-muscular system 
is the important factor. 
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The Reaction-time of the Frog to changes of temperature. ° 
By M.S. Pemprey. 
(Preliminary Note.) 

During the winter of 18983—94 experiments have been made on the 
reaction of the common frog to changes of temperature, and it has been 
found that, on raising the temperature from 9°C. to 19° or 20°, no 
increase is obtained in the carbonic acid discharged in consecutive 
periods. If, however, the temperature be raised a degree or two above 
20° there is observed a marked and often sudden increase. The | 


following results are for consecutive periods of twenty maine, The 
experiments were all made upon one frog :— 


Experiment _ bath discharged 
0008 
20° ‘0011 
19° 0008 
10° 0008 
20° 0009 
20°°5 0009 
10°°75 0006 
24° 0006 
23° 0024 
22° 0017 
11°5 0007 
25° ‘0008 
VIII.—1-i-94 10°°75 ake 0007 
0007 
19°-75 0005 
20 0007 
15°°75 0006 
15°°5 0007 


Experiments of longer duration and also the records of the tempera- 
ture of the frog show that these results are not due solely to latency. 
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On the Proteids, and on the Heat-coagulation, of Egg-white. 

R. T. Hew.ert made the following communication :— 

I. The Proteids of Egg-white. 

Many vbservers’ believe that the white of hen’s eggs contains several 
proteids. All seem to be agreed that a globulin-like body and an 
albumin are present. 

(a) The so-called globulin. A relatively small portion of the 
-proteid in egg-white is precipitated on acidifying, on dialysis, and on 
saturation with neutral salts, such as sodium chloride or magnesium 
sulphate. The precipitation of this so-called globulin is however very 
complete on acidifying, and there is no tendency for the precipitate first 
formed to redissolve on the addition of more acid. The precipitate also 
is extremely viscid, and the difficulty of filtering solutions of egg-white 
and their viscid nature seems to be due to this substance alone, for 
filtration is easy after its removal, no matter. how this be effected. The 
precipitated globylin is soluble with great difficulty in dilute saline 
solutions, more readily soluble in a 1 per cent. solution of sodium 


1 Béchamp, Gautier, Corin and Bérard, etc. 
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carbonate, the solution being very viscid and almost impossible to filter. 
The substance is coagulated on heating, and is precipitated by the 
ordinary proteid precipitants, On gastric digestion the purified globulin 
yields a considerable whitish residue which resembles nuclein, for it is 
insoluble in acids, soluble in alkalies, and precipitated from an alkaline 
solution by acidifying. It is stated that this globulin can be utilised 
for the production of “fibrin’,” this fact has yet to be confirmed. In all 
its characters the so-called globulin closely resembles a nucleo-albumin. 
Phosphorous determinations have yet to be made to confirm this 
supposition. 

(b) The albumin. Gautier’ stated that there are two albumins in 
egg-white, one coagulating at 63° and the other at 74°C, Béchamp 
considers that ovalbumin is a mixture; Corin and Bérard by the 
method of fractional heat-coagulation believe that they have shown that 
egg-white contains a mixture of three albumins. ee 

By the addition of ammonium sulphate. little by little to an acid 
solution of egg-white freed from the so-called globulin, a small quantity 
of the proteid is precipitated on each addition of the salt, and a number 
of “fractions” are thus obtained. I find that the fraction first obtained 
coagulates at about 70°C., then there are several fractions coagulating 
at about 61° C., while the final fraction coagulates at about 70°C. This 
would indicate that there are two, or perhaps three, albumins in 
ovalbumin, for it is uncertain whether the first and last fractions, each 
of which coagulates at about 70°C., belong to the same or to different 
albumins. 

That there are at least two albumins present is strongly confirmed 
by the different behaviour of some of the fractions towards the normal 
and tribasic lead acetates, a fact emphasized by Béchamp*®. On 
dissolving the fractions in distilled water, treating the solutions with 
barium nitrate until no more precipitate is formed, allowing the 
precipitate of barium sulphate to settle and decanting off the clear fluid, 
dividing into two parts and treating these, one with normal lead 


acetate, and the other with tribasic lead acetate, the fractions behave — 


differently. Some of the “fractions” are precipitated by both the 
normal and the tribasic lead acetates, other “fractions” are precipitated 
by the tribasic lead acetate only and not by the normal acetate. It 


would seem that the fractions coagulating at 61° are precipitated by the 


1 Thudicum. Ann. Chem. Med. 1. p. 179. | 
2 Bull, Soc. Chem. de Paris, T. xtv. p. 177. 3 Les Albumins, Paris, 1889. 
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tribasis lead icchite alone, the last fraction coagulating at 70° by both 
the acetates, but it is difficult to be certain of this. It is necessary to 
employ pure preparations of the lead salts; the commercial tribasic 
acetate is usually very impure and is useless for this work. There can 
be little doubt I think that ovalbumin contains at least two albumins. 


IE. On the Heat-coagulation of Egg-white. 


At a former meeting of the Physiological Society, Mr Ramsden 
described some results he had obtained by keeping solutions of egg- 
white for long periods of time at a temperature considerably below that 
of the first coagulation as ordinarily determined. These solutions in 
time give abundant coagula, and finally the fluid becomes almost free 
from proteid’. | 

I can confirm, in the main, these experiments and I may give some 
additional details :— 

1, Thymol, and, in a less degree, camphor, have a marked action 
on solutions of egg-white, producing a coagulation of the proteid in a 
few hours at 37°C. and in a few days at the ordinary room temperature. 
A strong solution of commercial “peptone” even gives a copious 
precipitate with thymol in ten days when kept at 37°C. The higher 
the temperature, the more marked is the coagulating power of thymol 
and camphor. Hence these substances must be used with caution when 
employed as antiseptics in proteid solutions, especially when the tem- 
perature is raised, 

2. If acid solutions of egg-white be employed (acidifying as 
recommended by Prof. Halliburton) the growth of bacteria hardly 
ever occurs and moulds only occasionally appear, and therefore anti- 
septics may be dispensed with in these experiments. 

3. Acid solutions of egg-white coagulating at 53°—55° C. and 
without antiseptics, remain clear for 2—10 days at 50°5° C. after which 
opalescence appears, increases, and finally a precipitate forms and 
increases in amount for a time. After a while an equilibrium seems 
to be established and the coagulation of proteid ceases or proceeds very 
slowly. Thus, after 90 days the coagulated proteid formed but a small 
proportion of the total proteid in the solution, If however the proteid 
solution under these conditions be filtered, say every week, this 
equilibrium seems to be upset and a considerable coagulum has to be 
filtered off each time. It is an interesting fact that a solution of 


1 Proc. Physiol, Soc. 1892, vn. 
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egg-white kept undisturbed at a temperature of 50°5°C. for 90 days, on 
filtration yielded a clear solution which coagulated at the same 
temperature (55° C.) as the original solution, and the coagulating power | 
of which seemed to be quite unaltered by the prolonged heating. This 
fact is important with regard to the objection which has been raised 
with regard to the method of fractional heat coagulation, viz. that the 
prolonged heating in this method may alter the coagulating power on 
the temperature of coagulation of the proteid. : 

4. Acid solutions of egg-white kept at 37°C. remained perfectly 
clear for 45 days; after 108 days they had become thickly opalescent 
and there was a slight precipitate at the bottom of the flasks. 

5. It is only to be expected that a solution of a proteid, kept at 
a temperature a few degrees below its coagulation temperature as 
ordinarily determined, should in time yield a coagulum, and this 
fact does not, in my opinion, upset the validity of the method of 
fractional heat-coagulation. | 


‘Notes on degeneration resulting from section of nerve-roots 
and injury to the spinal cord. | 


J. N. Lanatey, F.R.S. and H. K. ANDERSON reported :— 


All the observations were made on the cat. The spinal cord and > 
medulla were treated by Marchi’s method. The spinal and sympathetic 
ganglia were hardened in osmic acid. Sections were exhibited. — 

1. The 6th, 7th lumbar and Ist sacral nerve roots cut outside the 
dura. mater. Animal killed after 12 days. In the nucleus gracilis of 

the injured side, the degenerated fibres extend, though unequally, over 
the whole nucleus, and are all small. In no other part. of the medulla 
is.there satisfactory proof of degenerated fibres. In the cord below the 
cervical région there is some degeneration in all the columns, most of 
which at any rate is due to slight injury to the lower part of the cord 
and its surrounding nerves, inflicted whilst cutting the nerve roots, 
Thus, very few of the posterior root fibres run to any column except 
the posterior column of the same side. Whether such fibres exist at all 
will be considered in a later, fuller communication. | 

2. The first five lumbar roots cut outside the dura mater; in order © 
to ensure section of the roots the cord was pulled to one side opposite 
each nerve with a.curved needle. Animal killed after 10 days. In the 
region of the cut nerves there is extensive scattered degeneration in all 
parts of the cord. Above the injured region the number of degenerated 


Ms 
on 
as 
tt 
a 
‘ 
$ 
i 
4 
2 
> 
he 
: 
he. 
+ 
ia 


SOCIETY, MAY 12, 1894. xiii 


fibres, thongh fewer than after section of the cord, are very numerous - 
and are present in all the well-known tracts. The degeneration, except 
in the posterior columns, is probably in the main due to direct injury to 
the cord. It may be mentioned that in the medulla a sprinkling of 
degenerated fibres is present in the continuation of the anterior 
columns, and that a few degenerated fibres of the ascending antero- 
lateral tract run on in the lateral fillet, both to the posterior and to the 
anterior corpus quadrigeminum. 

8. Cord removed from 12th thoracic to 5th lumbar vertebra. 
Animal killed after 6 days. The degenerated fibres stained black 
by Marchi’s method are almost entirely small; the large degenerated 
fibres have not reached the stage at which they stain by this method. 
The large fibres of the anterior roots of the 3rd lumbar spinal nerve are 
in a much less advanced stage of breaking up than the small fibres 
of the 3rd lumbar sympathetic ganglion. In connection with this it 
may be mentioned that the medulla is absorbed more quickly in the 
sympathetic than in the trunk of a spinal nerve, and more quickly 
in the latter than in the spinal cord. This suggests that the size of a 
fibre is a factor in determining the rate of disappearance of irritability 
in it, and that the long persistence of myelin masses in the cord after 
injury is chiefly due to the large amount of it to be removed. 


“The effect of variations in the volume of the blood upon 
the Specific Gravity of Blood and of Muscle. 


Watter Lazarus-Bartow gave the following report on ex- | 
periments conducted by himself in Prof. Roy’s laboratory :— 


It has long been taught that if a large amount of fluid be 
introduced into the circulation of an animal, the excess is stored up in 
the veins, and especially in the veins of the abdominal area, until the 
kidneys and other glands have been able by an excessive exercise of 
their functions to reduce the amount of circulating fluid to the normal 
limits. That this view is largely true there can be no doubt, for the 
appearance in distension of veins that otherwise were invisible is — 
always evident after fluid has been introduced into the circulation 
in any considerable quantity. Certain facts however came to light 
during a recent investigation into the pathology of the cedema which 
accompanies passive congestion which shew that the process is not so 
simple as is — thought, 3 
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| Section I. Methods. 

The methods used in the investigation consist in determining the 
specific gravity of the blood and blood-plasma and of the voluntary 
muscles before and after the volume of the blood has been artificially 
increased. Inasmuch as the methods by which these values, and. in 
particular those of the muscle, were obtained, have been described 
in full elsewhere’, it is unnecessary to repeat them here. It is sufficient 


to state that the specific gravity of the muscle was obtained by means _ 
of a modification of Roy's method for determining the specific gravity 


of the blood. 

The volume of the sdestlabian fluid was increased in two distinct 
ways, The first, which was adopted in a large majority of the 
experiments, was as follows:—One or more limbs were completely 
deprived of blood by means of an Esmarch’s elastic bandage which 
was wound tightly round the limb or limbs and forced whatever fluid, 
blood as well as lymph, that was in them into the general circulation. 
The Esmarch’s bandage was not removed during the progress of the 


experiment and therefore the body in which circulation was going 


on received the additional fluid from the compressed limbs. The 
degree of plethora which can thereby be induced is not great, but the 
method of producing it is immensely superior to injection of salt 
solution, defibrinated blood, etc., inasmuch as it is the normal blood and 
lymph of the animal which is added directly to the circulation. 

The second method was the usual one of injecting salt solution, it 
was used in a small number of cases only. 

The volume of the circulating fluid was diminished in some 
experiments by causing cedema, in others by removing the Esmarch’s 
bandage above mentioned. With regard to the last method referred to, 
it will subsequently appear that if the bandage has been allowed to 
remain in situ for some hours an equilibrium is brought about, and 
therefore that removal of the bandage in reality diminishes the volume 
of the blood circulating in the body. 


SECTION Il. The effect of an increase in the volume of the 
blood circulating in the body. 


If the volume of the blood circulating in the body be increased by 
means of winding an Esmarch’s bandage tightly round a limb and the 


1 “The Pathology of the @idema which coe Venous Congestion,” Read before | 
the Royal Society, Jan, 25, 1894, 
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values obtained for the specitic gravity of the blood, blood-plasma, 
arterial and venous, and muscle from uncompressed parts be compared 
after some time has elapsed with corresponding values obtained before 
the application of the bandage, it will be found that evidence is given of 
a transference of fluid from the blood to the muscles. 


(a) On the specific gravity of the blood and blood-plasma. 
Occasionally there is produced a marked rise in the specific gravity 
of the arterial blood, but as a rule the rise is slight. In some cases 
the blood remains constant in specific gravity. Such a result is 
not however found when the volume of the blood is increased by 


~ injection of salt solution. Now, as was shown by Sherrington and 


Copeman’, there occurs a fall in specific gravity but one of small 
degree and of astonishingly short duration. My own experiments in 
this direction are entirely i in accord with those of Sherrington and 
Copeman. Thus in an experiment in which 200 cc. of normal salt 
solution at 38°C. were injected into the jugular, the specific gravity of 
the blood before the injection was 1063; ten minutes later the specific 
gravity was 1062; while 35 minutes later, or three-quarters of an hour 
after the fluid was injected, the specific gravity was 1064. Two hours 
later the specific gravity of the blood was 1063, the same as before the 
injection. The greatest rise observed in the specific gravity of the 
arterial blood after bandaging the limbs was one of 6 degrees (from 
1048 to 1054), which occurred during two hours—it must be noted 
however that the initial number (1048) is very low for the specific 
gravity of the blood of a dog, the animal used. 

As a general conclusion therefore it may be stated that increase of 
the volume of the blood circulating in the body produced by rendering 
a limb anemic and maintaining it in that condition for some time leads 
to a slight rise in the specific gravity of the arterial blood, but that the 
rise may exceptionally be great, or if the plethora be produced by 
injection of fluid into the veins, may be replaced by an initial fall. 

The effect of an increase in the volume of the circulating fluid upon 
the specific gravity of the venous blood is similar to that occurring in 
the arterial blood. The effects upon the arterial and venous blood- 
plasma are also similar but the rise is more.constant, while the venous 
blood-plasma rises to a greater extent than does the arterial. 


1 Sherrington and Copeman, Proc. Physiol. Soc. 11, 1890. _ 
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(b) On the specific gravity of muscle. 

Increase in the volume of the blood by either of the methods 
mentioned has in my experiments invariably led to a fall in the 
specific gravity of the muscle of from one to five degrees. Four 
consecutive experiments give the following numbers. 

Specific gravity of muscle before and after increase of volume of blood circu- 
lating in the body produced by bandaging one or more limbs with an 


 Esmarch’s bandage. 
Before After Result 
Experiment I. 1067 1062 Fall 5 degrees. 
Il. 1062 1061 Fall 1 
1071 1067 ,, 


Note. ‘The left sartorius muscle was used in all cases for the purpose of 
estimating the specific gravity of muscle. 


Section Il]. The effect of a diminution of the volume of the 
blood circulating in the body. ee 

It is unnecessary to enter into detail concerning this portion of the 
subject as the results obtained are the converse of those which occur 
when the volume of the blood is increased. That is to say, the specific 
gravity of the blood and blood-plasma, arterial and venous, falls, and the 
specific gravity of the muscle rises. That the blood becomes more 
watery as the result of haemorrhage has long been known, and the 
increase of specific gravity of the muscles might have been therefrom 
inferred. The events which occur when cedematous fluid is poured out 
in one part of the body and the share that other than the edematous 
part take in the supply of fluid to the blood for the needs of the 
cedematous part have elsewhere been described in full’. They are in 
every way similar to those which occur when the volume of the 
circulating fluid is artificially diminished. 


Section IV. The time occupied by the events described in 
Sections III. and IV. 
The changes in specific gravity described in the two preceding 
sections occur rapidly. By far the larger portion of the rise or fall in 


1 « The Pathology of the idema which accompanies Venous Congestion.”’ Read before 
the Royal Society, Jan. 25, 1894. 
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. any given experiment occurs during the first half-hour, and after that - 


time the ascent dr descent becomes more gradual, so that a new line of 
level is produced. Thus in one of the experiments mentioned above 
the specific gravity of the arterial blood rose from 1048 to 1053 in 45 
minutes, and in the following two hours and a half there was a further 
rise of only one degree. In another experiment the fall in the specific 
gravity of the muscle which was of five degrees (1071 to 1066) was 


_ complete in 45 minutes. No lower value was obtained later. A new 


line of level for the specific gravity is therefore brought about. This 
being the case, as was previously remarked, it is obvious that removal 
of the Esmarch bandage after equilibrium has been established is 
synonymous with diminution of the amount of fluid in the blood-vessels, 
for the volume of blood proper to the body, with the exception of the — 
anemic limb, is now spread over the blood including the ny 
anzmic limbs. 


SEcTION V. Conclusions. 


From the foregoing observations it appears that the volume of the 
blood. in circulation is of more importance to the economy than was 
hitherto supposed. Even when the additional quantity thrown into the 
circulation is no greater than that which is normally contained in one 
limb, the muscles of the body (and by that term is to be understood the 
whole animal to the exclusion of the anemic part) take up water, and 
therefore become of lower specitic gravity, while the rise in specific 
gravity of the blood and of the blood-plasma in particular indicate the 
region whence that water is derived. When the volume of the fluid in 
the blood-vessels is diminished there is an outpouring of fluid into the 
blood-vessels, as shown by a rise in specific gravity of the muscles and a 
fall in specific gravity of the blood-plasma. Important therefore though 
the specific gravity of the blood may be and is, the economy can better 
bear modifications in it than in the volume of the blood, and endeavours 
to keep the volume constant, though at the expense of the specific 
gravity of tissues and fluids so important as muscle, blood and blood- 


‘plasma. It is probable that the modifications in specific gravity so 


introduced are subsequently re-adjusted, but upon this point I have at 
present no information. 
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